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ABSTRACT
A Lower Permian fusulinid fauna was found in rocks o f Mankomen 
age within a fault block  in the Upper Delta River area , east central Alaska 
Range. Three members of the Mankomen Formation are recognized  and d e ­
scribed from this area. They are, in stratigraphic order: a low er Tuffaceous 
Sandstone Member, an Alternating Lim estone-Shale Member, and a Lime­
stone Member. Additional sedimentary rocks occu r still higher in the section  
but are as yet unmapped. The section  exposed in this area represents the 
youngest known Upper P aleozoic sediments known in the Alaska Range.
Eighteen sp ecies  o f fusulinids belonging to three genera were d e ­
scribed from the Alternating Lim estone-Shale Member and Limestone Member.
They are: Pseudofusulinella valkenburghae n . sp . , P_. c f . P_. parvula Skinner
T-
and W ild e , P. sp . A , Eoparafusulina mendenhalli n . sp . , E_. w addelli n . sp . , 
Schwaqerina pseudokaragasensis n . s p . , S_. c f . S_. emaciata (Beede) , S . sp . 
A, S. rowetti n . s p . , S_. ca llosa  (Rauser-Chem ousova) , S_. whartoni n. sp . ,
S . heineri n. sp . , S_. m offiti n. s p . ,  S_. sp . B, S_. sp . C , S_. rainyensis n. 
s p . , S_. mankomenensis n . s p . , and S  ^ hyperborea (Salter). This fauna was 
divided into six  assem blage zones on the b asis  o f the fusulinid s p e c ie s . 
C o lle ctiv e ly , the zones indicate a Lower Permian a g e , ranging from late 
A sselian to middle Artinskian when compared to the zonation o f Permian s e c ­
tions in the western U rals, U .S .S .R .
iii
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The fu su lin id s  from the L ow er Permian o f  the A laska  Range b e lon g  to 
the Boreal fau n a l realm  that in c lu d e s  the g e o s y n c lin a l s e a s  o f  the A laskan 
C ord ille ra n , F ranklin ian , and U ralian  g e o s y n c l in e s . Faunal e v id e n ce  in ­
d ic a te s  tem porary marine co n n e c t io n s  b etw een  A laska and the P a c if ic  north ­
w e s t ,  and b etw een  the U rlian  and Tethyan r e g io n s .
C orre la tion s  are su g g e s te d  b e tw een  th e A laska Range s e c t io n  and 
the fo llo w in g  re g io n s : sou th ea stern  A la sk a ; northeastern  A la sk a ; north­
w estern  Yukon Territory; G rin n e ll P en in su la , A rctic  A r ch ip e la g o , northw est 
G reen la n d , S p itsbergen ; and the Ural reg ion  o f  the U .S .S .R .
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INTRODUCTION
Eighteen sp ecies  o f Lower Permian fusu lin ids were described from 
rocks equivalent to the Mankomen Formation in the ea st central Alaska 
Range (T ex t-fig . 1 ). This fauna has both regional and lo ca l im portance. 
C lo se  sim ilarities ex ist between this fauna and those o f the Canadian 
A rctic (Harker and T horsteinsson , 1960), northern Yukon Territory (R oss, 
1967b), the Ural region o f the U .S .S .R . (R auser-C hernousova, 1935,
1940 , 1965; K orzhenevsky, 1940), northern C alifornia (Skinner and W ild e , 
1965) , and other areas in Alaska (Dunbar, 1946; Skinner and W ild e , 1966a). 
R elationships with the fusulinid faunas o f Greenland and Spitsbergen are 
le s s  c lea rly  d e fin ed . They nevertheless support intermittent marine con ­
n ection s betw een the U raiian, Frankiinian, and C ordilleran areas during 
early Permian tim e. The s ix  fusulinid  assem blage zon es which I have 
defined from the Upper Delta River area undoubtedly w ill form a basis for 
stratigraphic control in other areas in the Alaska Range where Lower 
Permian rocks o ccu r .
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T e x t - f ig .  1 -  L oca tion  m ap , e a s t  cen tra l A laska  Range 
1 , U pper D elta  R iver area (study a re a ); 2 , Rainbow  M ountain  
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GENERAL GEOLOGY OF THE EAST CENTRAL ALASKA RANGE
The general g eo log ic  relations in the east central Alaska Range are 
shown in T ex t-fig . 2 , in which only major rock units are differentiated. 
Surficial g la cia l deposits and minor faults and fo ld  axes are omitted.
The Denali fau lt, one o f the major structural features in Alaska, is 
traceable fcr more than 1000 miles along the length of the Alaska Range.
This fau lt, or fault zon e , controls the position  o f Canwell G lacier in the 
northeast corner of the map (T ext-fig . 2 ). The Denali fault zone divides 
the Alaska Range into two major g eo log ic  p rov in ces . The Precambrian and 
the Lower P aleozoic (? ) Birch Creek Schist occurs north of the fault, while 
Lower Devonian (? ) and pre-Devonian m etam orphics, Permo-Carboniferous 
vo lca n ics  and sedimentary ro ck s , and M esozo ic  deposits occur to the south. 
Tertiary e la stics  and coa l-bearing  units are preserved along both the north 
and south flanks of the Alaska Range. Many o f these units were intruded by 
basic  and ultrabasic dikes and s i l ls ,  and granitic plutons during the late 
M esozo ic  and early Tertiary.
L ow -angle, north-dipping thrust faults are present in the northwest 
part o f the map area. These thrusts bring Devonian (? )  and pre-Devonian 
metamorphics southwestward over late P aleozoic (lower Pennslyvanian (? ) 
and lower Permian) sedimentary and vo lcan ic strata. H igh-angle block faults 
are a lso  common and strike northeastward. M ajor fold  axes a lso  generally
4
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5T e x t - f ig .  2 -  G e o lo g ic  map o f  the e a s t  cen tra l A laska R an ge . (After 
H a n son , 1963 ; B ond, 1 96 5 ; S tou t, 1965 ; R o s e , 1966; and R ow ett, in 
p r e s s ; a d d it io n s  b y  the a u th or .)
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6p a ra lle l the b lo c k  fa u lt s .  M any o f  th e s e  stru ctu res  are tra n se cte d  b y  sm a ller  
c r o s s - f a u l t s .
For m ore d e ta ile d  in form a tion  on th is  a r e a , the rea d er is  re ferred  to  
M en d en h a ll (1 9 0 0 , 1 9 0 5 ) , M o ffit  (1912 , 1 9 4 2 , 1 9 5 4 ), H anson  (1 9 6 3 ), Bond 
(1 9 6 5 ), S tout (1 9 6 5 ), R o se  (1 9 6 5 , 1 9 6 6 ), R ich ter (1 9 6 6 ), and Row ett (in 
p r e s s ) .
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GEOLOGY OF THE UPPER DELTA RIVER AREA
D escription o f M ajor Rock Units 
Igneous Rocks 
T riasslc (? ) Amphitheater Basalt (Tra)
Triassic (? ) basa ltic  flow s are w idespread in the southern part o f 
this area. Rose (1965, p . 11) indicated that a few  agglomerates and tu ffs , 
which in part con sist o f a lb itized  b a sa lt , a lso  may be present. He sug­
gested  that these flow s may be correlative with the T riassic Nikolai Green­
stone of the southern Copper River Basin (Schrader and Spencer, 1901, p . 
36), approximately 50 m iles southeast o f the study area.
M esozo ic  Gabbros (G)
M esozo ic  b asic  intrusives occu r as dikes and s ills  and all are 
gabbroic in com position . According to  Rose (1965, p . 15), these gabbros 
contain about 50 percent mafic m inerals, but m ineralogy is more varied in 
the larger igneous bodies .
The intrusive rocks exposed immediately south o f Rainy Creek and 
on both sides o f the Delta River in the northern part o f the study area is 
controlled  in part by Fault A (T ext-fig . 3 ). Serpentinization occurs on the
7
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T e x t - f i g .  3 -  G e o lo g i c  map o f  Upper D e lta  R iver area  (m o d ifie d  a fte r  R o s e ,  1 9 6 6 ) .
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9w all rock of the lower discordant branch, which suggests that the intrusion 
post-dated  the fau lt. The upper branch diverges from the main dike and 
lo ca lly  appears to be s i l l - l ik e .
A s ill is  exposed along the crest o f Rainy Mountain for a d istance 
o f alm ost one m ile . It is  probably related to  the gabbros occurring along 
the Delta River in the southern part o f the mapped area (T ext-fig . 3 ). How­
ever, intervening exposures are m ostly covered .
L ocalized  leaching o f ca lcareous sedimentary rocks occurs where 
s ills  and dikes are in contact with country rock . Two apophyses o f the 
s ill  located  on the north side o f Rainy Mountain a lso  caused some alter­
ation o f adjacent lim eston es. Similar hypabyssal rocks are common to 
the w est and north o f the study area (R ose, 1965, p . 15-16; Stout, 1965, 
p . 3 5 -3 9 ). Field relationships in these areas suggest that there may have 
been two periods of b as ic  intrusions, M esozo ic  and early Tertiary in age 
(Rose, 1966, p . 15) .
Permian Sedimentary Rocks: Mankomen Formation
The Lower Permian sedimentary rocks in the Upper Delta River area 
are lateral equivalents o f the Mankomen Formation. This formation u se ­
fu lly  can be divided into three members in the study area. In ascending 
stratigraphic order these are: (1) a Tuffaceous Sandstone Member (Pmt);
(2) an Alternating Lim estone-Shale Member (Pms); and (3) a Limestone 
Member (Pml). A thick overlying su ccess ion  of " graywackes" and lim e­
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stones (Pmgl) are as yet incom pletely mapped and have not been d iffe r ­
entiated .
Tuffaceous Sandstone Member (Pmt)
The Tuffaceous Sandstone Member is  exposed along the south side 
of Rainy Creek and in a w est-fa c in g  bluff east o f  the Delta River (T ex t-fig .
3 ). Lithology con s is ts  o f fin e -gra in ed , green to maroon s i l ic if ie d  tu ffs , 
s ilic ifie d  light green m udstones, and coa rse -gra in ed , v o lca n ic -r ich  a rkosic 
sandstones. One or more thin andesite flow s are present. This member 
is  in fault contact with the overlying unit in the Upper Delta River area , 
but in the W est Gulkana G lacier area , approximately ten m iles to the south­
ea st, this contact is  gradational and conform able.
Dr. C .M . Hoskin (personal communication) examined a thin section  
from a sample taken from the contact zone above W est Gulkana G la c ier  and 
c la ss ifie d  the rock a clim atic arkose (Folk, 1965, p . 120). The arkose is 
highly mature and in add ition , contains glauconite and small amounts o f 
vo lca n ic  material and fo s s i l  fragm ents. C lays and other products o f chem ­
ica l weathering are absen t.
I did not p rocess any sam ples from this member for faunal con ten t, 
how ever, the fusulinid a ssoc ia tion s  that occu r above and below  the tu ff­
aceou s member indicate that it is  probably A sselian  in a g e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Alternating L im estone-Shale Member (Rns)
The overlying Alternating L im estone-Shale Member is  w ell exposed 
in north -facing b lu ffs  along the south s id e  o f Rainy Creek and between 
Faults A and C on the east bank o f the D elta River (T ex t-fig . 3 ). This 
member con sists  predominantly o f alternating beds o f v o lc a n ic -r ic h , c a l ­
careous sandstones, b io c la s t ic  lim eston es , and b lack  sh a le s . Individual 
beds typ ica lly  are from one to  three fee t  th ick  and are ru st-co lored  on 
weathered su rface . Carbonates that w ere analyzed  petrographically  were 
variou sly  c la ss ifie d  b iom icrites (Folk, 1962) (H oskin, Kerin, and N elson , 
personal com m unication). C rin o id , b ry o zo a n , and brachiopod fragments 
are the dominant b iogen ic constituents in  the lim e sto n e s . D olom itization  
genera lly  is  not exten sive  in this part o f  the s e c t io n , but in one sample 
(R C -9 , 287 feet from the base  o f  the section ) more than 50 percent o f the 
rock  is  com posed o f secondary d o lom ite . V olcan ic and arenaceous material 
d ecrea ses  in the upper part o f the member.
Fusulinid assem blage zon es A , B, and C (Table 1 , T e x t -f ig s . 4 and
6) o ccu r in the low er 584 fee t o f this m em ber, indicating an age ranging 
from late A sselian  through Sakmarian.
The first appearance o f Schwagerina m offiti n . sp . occu rs in sample 
R C -2 0 , 625 feet above the base o f th is s e c t io n . This sp e c ie s  is more ad­
vanced than typ ica l Sakmarian forms o f the genus and is  here considered  to 
be no older than early Artinskian. The Sakmarian-Artinskian boundary in
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7 1 2 4
? t ? 4 3 2 ?
0 a i i 7
5 4 3 7
Feet A b ov e  B ase o f  S ec tion  
Sam ple Number
S o e c le a  
P teu d o fg tu U n cllB  s p .  A 
PseudoluBuUnellB  valkanburnhflt n .  » p .  
P »ew do(u »u H n «lla  c f .  L .  e a o o ila  "•  >P- 
P » « u d o fu » u l ln » ll«  * p .
m tn fon h s lH  n - « p -
E op ara fu iu lln a  w a d d e lll  n . s p . 
B chw aoerina  s d . A
Schw aaerlna  p seu d ok a ra a a sen s la  n .  s p .  
S ch w aoerin a  o f .  £ *  em acia ta  (B eede) 
Schw aaerlna w harton l n . s p .
Schw aaerlna c a l lo s a  (R au ser-C h ern ou sova ) 
Schw aaerlna row ettl n . s p .
Schw aaerlna  m offltl n . s p .
Schw aaerlna h elnerl n . s p .
Schw aaerlna s p .  B 
?  S ch u b erte lla  s p .
Schw aaerlna  s p .  C
Schw aaerlna m ankom enensls n . a p . 
Schw aaerlna h voerborea  (Salter) 
A ssem b la g e  Zones
Table 1. Stratigraphlc distribution and zonatlon of fusrllnlds. Numbers in body of table indicate 
number of thin sections prepared per species per sample.
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the study area therefore is  be lieved  to lie  between samples RC-19 and 
RC-20 in the Alternating L im estone-Shale Member. There is no evidence 
of a depositional break of any kind within this interval, which indicates 
that the boundary between the Sakmarian and Artinskian is  conform able in 
this area .
The th ickness o f the Alternating Lim estone-Shale Member as m eas­
ured upward from the gabbroic dike (and Fault A) is 693 fe e t . H owever, 
scattered small exposures of this member a lso  occur stratigraphically below  
this fau lt. Based on sections exposed  in the W est Gulkana G lacier area, 
the maximum thickness of Pms is  on the order o f 900-1000 fe e t .
Limestone Member (Pml)
Exposures o f this member were examined and measured above Rainy 
Creek and along the north flank of Rainy Mountain (T ext-fig . 3 and 4 ). 
Additional exposures on both the east and w est banks of the Delta River are 
for the most part covered by vegetation .
The low est part of this member con sists  o f light co lored  b io c la s tic  
lim estones which grade upward into crinoidal m udstones, thin lim eston es, 
and minor interbedded siltston es and shales (693 to  990 feet from the base 
o f the measured s e c t io n ). The low er th ick -bedded  to m assive "w hite" lim e­
stone differs markedly in co lo r  from the lim estones of the underlying member 
(Pms) and lacks the arenaceous and tuffaceous material that characterizes 
the lower section .
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D istinctive Schwagerinas are confined to the basal part of these 
lim estones and form two assem blage zones (D and E) (Table 1 , T e x t-fig s .
4 and 6 ). Brachiopods and corals are a lso  lo ca lly  present.
The middle part o f this member, from 990 to 1540 feet from base o f 
the measured se ct io n , con sists  of poorly exposed  thinly laminated black 
shales and minor dark shaley lim eston es. No fo s s i ls  were found in this 
portion o f the section .
The upper part o f the Limestone Member is com posed of m assive, 
b io c la s tic  lim estones that are gray to buff on weathered su rfaces.
Bryozoan fragments are abundant, particularly in the uppermost b ed s . 
Brachiopods are common in a few  b e d s , but cora ls  are uncommon to absent. 
Schwagerina hyperborea (Salter), S_. rainyensis n . sp . and S_. mankomen-  
en sis  n . sp . occur in this portion o f the section  (Zone F) (Table 1 , T ext- 
f ig s .  4 and 5) and are indicative o f an early to  (? ) middle Artinskian a ge .
A section  measured southward from the base  o f this member to  the top of 
the bryozoan-bearing lim estones on W est Rainy Mountain was 1325 feet 
th ick . An estimated 550 feet o f additional section  is present w hich is in ­
truded by a gabbro s ill along the crest o f Rainy M ountain. The total th ick ­
ness of this member thus approximates 1875 fe e t .
Undifferentiated " Graywackes" and Limestone (Pmgl)
This undifferentiated unit com prises the highest part o f the exposed 
sedimentary section  in the Upper Delta River area . Several hundred feet o f
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F u su lin id a e  in  the upper part o f  the Upper D elta R iver a r e a .
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-------  9 6 6 .0  7s«»
7  * - a r  1 t
■ r 1^ .  j x  fc
C O V E A E O
A C - 2 7 -
A C - 2 6 -
A C - 2 5 -
A C - 2 4 -
S c S w a g a ria a  s p  C 
S cS w a ga ria a  s p  C
• S c * w a fo rit• #  s p  C
H o p s ip fc y ll id  C o ra l,  lo d a f.
S ch m a g a ria a  h a ina ri 
S c n w a g a ria a  i p  B 
S c h w a ga rin a  k a in a r i  
A u fa c /is *  Oanansa 
TCfia iopkyttum  t p p  
Antipuala m ia  s p  
C a m a rism a  s p  
S p irffa ra U a  « p p . 
ffa aapfrifar sp.
C t i t io p h y H y m  sp.
S chw a fa r in a  m a ffH i 
S eh yP a rta H a  s p .
E o p a ra fu su lin a  wa&Aa/ll 
S ch w o ga rin o  cat/a sc
E o p a ra fu s u lin a  w o P P a ii
E oparafusu lin a m anPanhoHi 
S ch w o ga rin o  ro w a h i 
Schw o garino  cai/asa
Eoparafusulina manpanhalii 
c f .  P. parrulo
Schwogarino whartoni 
PtooPofvsuUnoHa ra/iangurghoa
Schwogarino c f . £  amociato .
S c ti~ tf~ l* a  •Dartot,! I P tm d o fv tu llit llo  ip . A
Schwogarino cf. •£ amacrota 
Coninio sp.
Schwogarino pssuPoaoropassns/s 
Schwogarino  *P- A
PsauPofusuHnatio sp . A
Psa vOofusufinal/a  s p .  A
Psa uPofusuUnaH o  s p . A
PsauOofusuiioo/ta  s p  A
PsauPofusuUnaHo  s p  A
PsayOofusul/nolla  s p  A
T e x t-fig . 6 -  Stratigraphic section  and zonal distribution of Fusulinidae 
in the lower part o f the Upper D elta River s e c t io n . Corals identified by 
C .L . Rowett; brachiopods by R .E . Grant.
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interbedded  grayw ack e sa n d s to n e s  and s h a le s  o v e r lie  the L im estone M em ber 
on the south  s lo p e  o f  Rainy M ou n ta in . T h ese  ro ck s  are overla in  b y  m a s s iv e , 
w hite b io c la s t ic  lim e sto n e s  th at in turn are  noncon form ably  overla in  by  the 
(? )  T r ia s s ic  Am phitheater b a s a lt  in the sou th w estern  part o f  the map and 
e lsew h ere  (T e x t -f ig . 3 ) .  A h e lic o p te r  r e c o n n a is s a n ce  in d ica ted  that th ick  
lim eston es  are a ls o  e x p o s e d  a lo n g  Eureka C re e k , the next m ajor d ra in age 
to  the sou th . H ow ev er , an a ccu r a te  estim ate  o f  the tota l th ick n e ss  o f  th e se  
units can  not be m ade at th is  t im e .
S tructure
G en era l
The Upper D elta  R iver area  c o n s is t s  e s s e n t ia lly  o f  a fau lt b lo ck  
bounded on the north and sou th  b y  F au lts A and E (T e x t -f ig . 2 ) .  The tra ce  
o f  th ese  h ig h -a n g le  fa u lts  in part co n tr o ls  the drainage o f  Rainy and Eureka 
C r e e k s . The Permian sed im en tary  r o c k s  e x p o s e d  in th is fau lt b lo c k  strik e  
northw est and d ip  from  2 0 °  to  5 4 °  s o u th w e s t . L oca l s teep en in g  o f  d ip  
o ccu rs  a d ja ce n t  to  fa u lt s .
. M inor a n tic lin a l f le x u r e s  o c c u r  in the A lternating L im eston e -S h a le
M em ber a lon g  Rainy C re e k , and in the L im eston e M em ber on the n o r th -fa c in g  
s lo p e  o f  Rainy M ou n ta in . The a x e s  o f  th e se  sm all fo ld s  are p erp en d icu lar  
to  the main structura l trend and are s im ila r to  fo ld s  d e scr ib e d  b y  Bond (1 9 65 , 
p . 9 -1 1 ) in co r re la tiv e  strata s ix  to  ten  m iles  to  the e a s t .  T h ese  m inor
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folds are not shown on the accom panying maps (T ex t-fig s . 2 and 3 ).
Drag folding occurs adjacent to the faults in the study area and is 
particularly w ell developed in the Alternating Lim estone-Shale Member 
adjacent to Fault A on the east side of the Delta River.
Fault A , on the northern margin o f the study area, was probably the 
principal controlling factor in the emplacement o f the gabbro dike in the 
lower part of the section . Rowett (in press) be lieves  that this fault co n ­
tinues southeastward and brings Permian and Tertiary sediments into fault 
contact in the v icin ity  o f McCallum Creek (T ext-fig . 2 ).
Fault E is w ell exposed near the con fluence of Eureka Creek and 
the Delta River, where Tertiary and P aleozo ic sedim ents are in fault co n ­
ta ct . The continuation of this fault to the southeast is  masked by younger 
sedim ents.
Fault C parallels Faults A and E, but apparently is  o f le sser  d is ­
placem ent and extent. Drag folds adjacent to  this fault indicate relative 
upward movement of the b lock  to the south o f this fault.
A small cross -fa u lt (B) is o f particular s ign ifican ce  as it d isp laces  
the contact between the Lower Tuffaceous Sandstone Member and the Alter­
nating Lim estone-Shale Member along Rainy C reek. A second small c r o s s ­
fault (D) occurs near the northwest end o f Rainy M ountain, where it o ffsets  
lim estones of the middle Limestone Member, as w ell as the s ill at the 
crest o f Rainy Mountain.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20
Structural Correlation and History
The southw est-dipping Permian section  in the study area is  believed  
to constitute the faulted south limb of a large anticline that is parallel to 
the general northwest trend of folds in this part of the Alaska Range. Sim­
ilarly , Faults A , C , and E are part of the same fault system  described by 
Bond (1965 , p . 16-19) in the McCallum C reek-W est Gulkana G lacier area 
and by Hanson (1963 , p . 63-64) in the Rainbow Mountain area (T ext-fig .
2 ).
According to Payne (1955), a period o f deformation and intrusion 
occurred in middle to late Jurassic time in the Alaska Range. This was 
substantiated by Ragan and Hawkins (1966, p . 601-602) who obtained a 
potassium -argon date o f 149 M .Y . from a biotite-bearing gneiss intruded 
by a quartz diorite body in the v icin ity  of Gulkana G lacier . The folding 
of these rocks as w ell as the upper P a leozo ic  sedimentary and vo lca n ic  
strata therefore may be related to the Nevadan orogeny.
High angle faulting characterized late C retaceou s-C en ozoic  m ove­
ments in the Alaska Range (Payne, 1955; Eardley, 1962, p . 629 -632). The 
transection o f the folds as w ell as the M esozo ic  (Jurassic ?) intrusives 
by two fault sets provides further ev idence for late Cretaceous faulting. 
Reactivation of the b lock  faults during the Tertiary (e .g .  Fault E, T ext- 
f ig . 2) apparently was responsib le  for bringing P aleozoic and Tertiary rocks 
into fault contact near the mouth o f Eureka Creek and elsew here (see a lso  
Bond,1 9 6 5 , p . 19).
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Comparison with the Type Mankomen Formation
Previously I referred (1967, p . 1547) to the alternating lim estones 
and shales (Pms) as unit 1, and the overlying lim estones (Pml) as unit 2 . 
Based on information from Rose (1965 , p . 9-11) , this part o f the section  
was a lso  tentatively correlated w ith some part o f the upper Mankomen 
Formation at that tim e. These tw o un its, as described  a b ov e , are herein 
designated as members of the Mankomen Formation in the study area. 
Correlations of the Upper Delta River Permian section  with the type 
Mankomen a lso  is  revised  b e lo w .
Mendenhall (1905, p . 40 -46 ) orig inally  described  the Mankomen 
Formation from the area north o f Mankomen V a lley , approxim ately 50 m iles 
southeast o f the study area . A ccording to M endenhall (ib id . , p . 4 1 ), the 
upper 4000 to 4500 feet o f the Mankomen Formation is dominantly ca lca r ­
eou s , while the low er 2000 fe e t  is  arenaceous and tu ffaceous (T ext-fig .
7 ). The same general lith ic  s u cc e s s io n  characterizes the rocks in the 
Upper Delta River area.
M ega fossils  (primarily brach iopods) identified from the Upper Delta 
River area correspond g en erica lly  to many of those identified by Schuchert 
from M endenhall's c o l le c t io n . Unfortunately the brachiopod faunas o f this 
region have as yet been little  studied and are not su ffic ien tly  d iagn ostic 
for detailed corre la tion s. There is  some e v id en ce , how ever, that the 
section  described in this report in clu des equivalents o f m ost, i f  not a l l ,  
o f  the type Mankomen Formation.
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T e x t -fig . 7 -  Tentative lith o lo g ic  correla tion s o f the Upper D elta River section  
with the type section  o f the Mankomen Form ation.
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The stratigraphic position  o f the lower Tuffaceous Sandstone 
Member is not readily apparent northward along the Delta River due to poor 
exposu res. H ow ever, nearly 4000 feet o f marine v o lc a n o -c la s t ic s , turbid- 
i t e s , and foss ilife rou s  lim estones exposed  in the Rainbow Mountain area 
are believed  by Rowett (in press) to be Tetelna equ ivalen ts. These are 
overlain by tuffaceous strata o f unknown th ickn ess. In the M cCallum Creek 
area, several miles southeast of Rainbow Mountain, Mankomen equivalents 
are underlain by tuffs and tuffaceous sandstones at lea st 700 feet th ick .
This unit thus occu p ies  a stratigraphic position  between foss ilife rou s  
Mankomen and Tetelna equ ivalents. It is here regarded as a lith ostrati- 
graphic equivalent of the lower Mankomen Formation in its type a rea . As 
such , the overall lith ic sequence in the areas described  above are generally 
comparable to that of the type area o f the Mankomen Formation.
P recise correlation of the Alternating L im estone-Shale Member with 
the type Mankomen is  not p oss ib le  inasmuch as the probable equivalent 
part o f the type section  is very poorly exposed (M endenhall, 1905 , p . 40­
4 1 ). This member nevertheless tentatively can be correlated  with the 
low er-m iddle type Mankomen on the basis of its com form able contact with 
the underlying tuffaceous member (T ext-fig . 7 ).
Further attempts to accurately correlate the remaining (higher) 
portion of the Upper Delta River section  with the type Mankomen n ecessarily  
are sp ecu la tive , inasmuch as about 2800 feet of the middle part o f the type 
Mankomen is  covered . Two p oss ib le  correlations are illustrated in T ext-
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f i g .  7 .  A ca re fu l b iostra tig rap h ic  restu d y  o f  the typ e  s e c t io n  o b v io u s ly  
is  n eed ed  to  c la r i fy  the re la tio n sh ip s  o f  the study area  to-the. type M a n - 
kom en F orm ation .
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DISCUSSION OF FUSULINID ASSEMBLAGES
Because o f the sim ilarity o f the Alaskan fusulinid fauna to that of 
the Ural region , l have adopted the term inology for the subdivision o f the 
Lower Permian as used by Soviet co lleagu es for the western slope of the 
Urals (Likharev, 1966, Supplement Chart # 8 ). I have divided the fusulinid 
fauna from the Upper Delta River section  into six  assem blage zones (Table 
1, T e x t-fig s . 5 and 6).
11 Assem blage Zone A: The o ld est assem blage is characterized by the 
distribution o f Pseudofusulinella (Kanmeria) sp . A through about 150 feet 
of the lower part o f the Alternating Lim estone-Shale Member. Only one 
sample within this interval, R C -6 , was barren o f fu su lin ids. P_. (K.) sp .
A is similar to several early W olfcam pian sp ecies  of the P acific northwest 
of North America and a lso  to  P_. (K.) [Fusulinella] usvae (Dutkevich) from 
the U rals, U .S .S .R . (D utkevich, 1939) and Spitsbergen (Forbes, 1960).
An early to late A sselian  age is indicated for this zon e .
2) Assem blage Zone B: The low er boundary of Zone B is defined by the 
first appearance of the genus Schwagerina (S. pseudokaraqasensis n . sp . 
and S_. sp . A) , while the top of this zone corresponds to the last o ccu r­
rence of Pseudofusulinella c f . P_. (K.) parvula Skinner and W ilde in the 
section . The limits of Zone B co in c id e  with the range of Schwaqerina sp .
25
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A. Other sp ec ies  included in this zone are: (K.) valkenburghae n . sp . ,
S _ .c f.S _ . em aciata , S . whartoni n . s p . ,  S. ca llo sa  (R auser-C hernousova), 
and P_. (K.) sp . A . The la st three s p e c ie s , how ever, are not con fined  to 
this zon e .
The three sp e c ie s  o f P seudofusu linella , herein included  in the sub­
genus Kanmeria O za w a , form two rather d istin ctive  lin ea g es  (O zaw a, 1967, 
p . 162-164); P_. (K.) sp . A and P_. (K.) valkenburghae n . sp . are a ssoc ia ted  
with the P_. (K.) uthahensis group, while P _ .c f.P _ . (K.) parvula Skinner and 
W ilde belongs to the P_. (K.) parvula lin eage . The youngest known o ccu r ­
rence o f related s p e c ie s  in these groups is in middle W olfcam pian  horizons 
of the M cCloud Lim estone in northern C aliforn ia . P seudofusu linella  
f  Fusulinella1 of Russian authors) is  a com paratively uncommon element 
in the fusulinid faunas of the U .S .S .R . and thus far has been  reported only 
in rocks o f A sselian  and early Sakmarian a g e . M ost exam ples o f Schwagerina 
in this zone show strong a ffin ities  for sp ecies  that occu r in the southern 
Urals and a lso  in the Russian Platform of the U .S .S .R . S_. pseudokaragasenis 
n . s p . , S_. whartoni n . sp . , and S_. ca llosa  (Rauser-Chernousova) in par­
ticular are related c lo s e ly  to Russian form s. A com pilation  o f the ranges 
of a llied  sp ecies  in the U .S .S .R . supports a late A sse lian -m id d le  Sakmarian 
age for this zone (Likharev, 1966, text and supplement charts; Rauser- 
Chernousova, 1965, p . 9 -28 ; Rauser-C hernousova, 1940 , p . 4 1 -4 5 ; 
K orzhenevsky, 1940, p . 1 -5 ) .  H owever, S . ca llo sa  (R auser-C hernousova), 
which occurs in the h ighest sample of Zone B, has p rev iou sly  been  reported
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only  from the Sterlitamak horizon in the U .S .S .R . Apparently this sp ecies  
a lso  ranges low er in the Sakmarian in the Upper Delta River se ction .
3) Assem blage Zone C: This assem blage occu rs  in the upper part of the 
Alternating Lim estone-Shale Member and is characterized  by advanced 
s p e c ie s  o f the genus Eoparafusulina, including E_. (Eoparafusulina) mend­
enhalli n. sp . and E_. (E.) w addelli n . sp . A ssocia ted  sp ec ie s  are 
Schwagerina rowetti n. sp . , S_. ca llo sa  (Rauser-Chernousova) and S . 
whartoni n . s p . Both sp ecies  o f Eoparafusulina are advanced forms of 
the genus and some fusulinid taxonom ists might be inclined  to include 
these s p e c ie s , as presently d e fin ed , in the genus M on odiexod in a .
Early to middle W olfcam pian sp e c ie s  from North America appear to be 
le s s  h ighly evo lved  than E. (E.) mendenhalli n . sp . and E_. (E.) w addelli 
n . s p . E_. (E.) a lasken sis (Dunbar) from Kuiu Is la n d , A laska, is probably 
most similar in evolutionary status.
The distribution o f a ssocia ted  s p e c ie s  o f Schwagerina tends to 
support a younger age for this z o n e . S_. row etti n . s p . , S_. ca llosa  
(R auser-C hernousova), and S_. whartoni n . sp . are a ll c lo s e ly  a llied  to 
Schw agerinas from the Urals and Russian Platform . An an alysis  o f the 
range o f com parative forms from the U .S .S .R . , together with the more 
advanced developm ent o f the two sp e c ie s  o f Eoparafusulina suggests a 
la te-m id d le  to  (? )  late Sakmarian age for this a ssem b la g e .
4) A ssem blage Zone D: This zone includes the uppermost part of the
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Alternating L im estone-Shale Member (Sample R C -20), and the low est part 
o f the conform ably overlying Limestone Member. A d istinctive group of 
Schwagerinas including S_. moffiti n . sp . , S_. heineri n . sp . , and S. sp . B 
are limited to this zo n e . One questionable specimen o f Schubertella a lso  
occurs within this assem blage .
The developm ental characteristics o f S_. moffiti n . sp . are very 
similar to S_. hyperborea (Salter) from somewhat higher horizons in the Upper 
Delta River section  and elsew here in the A rctic, and a lso  to S_. juresanensis 
(Rauser-Chernousova) from Artinskian rocks in the southern U rals. S . heineri 
n . sp . and S_. sp . B are apparently endemic to this region and do not c lo s e ly  
resem ble any described  sp ecies  known to the writer. The stratigraphic 
occurrence of the assem blage and a ffin ities of S_. moffiti n . sp . indicate a 
probable early Artinskian a g e .
5) Assem blage Zone E: The overlying zone is defined by the occurrence o f 
a single undesignated sp e c ie s  of Schwaqerina , S . sp . C , which was found 
in the upper three sam ples of the lower part of the Limestone Member. The 
m assive axial deposits and highly fluted septa are characteristic of late 
W olfcam p-early  Leonard sp ecies  o f  the genus; how ever, S_. sp . C does not 
c lo s e ly  resem ble any other described form s. The age of this zone is con ­
sidered to be early A rtinskian.
6) Assem blage Zone F: Zone F com prises the youngest assem blage o f fu su - 
lin ids in the study s e c t io n . It includes 450 feet of b io c la s tic  lim estones
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in the Limestone Member, and its base occurs approximately 650 feet above 
Zone E. The assem blage is com posed o f a very d istinctive group of highly 
evolved elongate Schwagerinas that p o sse ss  many features o f primitive 
forms of Parafusulina such as P_. lutugini (Schellwien) and P_. tsch u ssoven - 
s is  (Rauser-Chernousova) from low er and upper Artinskian deposits on the 
western slope of the Urals (Rauser-Chernousova, 1935, p . 142-147; Likharev, 
1939, p . 40). Two new s p e c ie s , Schwagerina mankomenensis n. sp . and 
S_. rainyensis n . sp . , occur intermittently throughout Zone F with S_. hyper­
borea (Salter). The latter sp ecies  is  a lso  known from the upper part of the 
Belcher Channel Formation, Arctic A rchipelago (Harker and T horsteinsson , 
1960) and from the Tahkandit Formation, northern Yukon Territory (Ross,
1967).
The upper beds of the Belcher Channel Formation were considered 
Leonardian in age by Harker and Thorsteinsson (1960, p . 13). Ross (1967) 
suggested that his Schwaqerina jenkinsi assem blage from the Tahkandit 
Formation was older than middle or late Leonard. H owever, contrary to 
Ross' statement (ib id .), the sp ec ies  described  by Korzhenevsky (1940) 
from the Sakmarian Limestones in the subsurface at Ishim bajevo, U .S .S .R . , 
are in my opinion less  highly evolved  than S_. hyperborea (Salter) or S . 
jenkinsi Thorsteinsson. The Russian form s, particularly S_. sulcata 
(Korzhenevsky), S_. rauserae (Korzhenevsky), S_. isch im bajevi (Korzhenevsky), 
and S_. m oelleri (Schellw ien), are c lo s e ly  related to S_. whartoni n . sp . 
from much lower horizons (Zones B and C) in the Upper Delta River section .
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On the other h an d , S_. hyperborea  (Salter) has a much stronger a ffin ity  for  
S_. ju resa n en s is  (R a u ser-C h ern ou sova ) from  A rtinsk ian  rock s  in the sou th ­
ern U ra ls . It is  a ls o  s im ila r  in co n s tru ct io n  to  s e v e ra l Leonardian s p e c ie s  
o f Schw aqerina and P a ra fu su lin a . The age  o f  Zone F is  co n s id e re d  to  be 
early  to  m iddle A rtin sk ian , and e q u iv a le n t to  the T az larov sk y  h orizon  (zon e  
o f  P arafusulina lutugin i) o f  the Ural r e g io n .
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BIOGEOGRAPHIC RELATIONS
The early Permian Fusulinidae from the Alaska Range are part o f a 
d istin ctive  boreal fauna that was relatively unrestricted in its d isp ersa l 
throughout seas that occup ied  the Alaskan part o f the C ord illea n , the 
Franklinian and the Uralian geosyn clin es and marginal sh e lf a re a s .
S pecies o f Schwagerina from the Upper Delta River area are c lo s e ly  a llied  
with those o f the southern U rals. S_. pseudokaragasensis n . s p . , S. 
whartoni n . s p . ,  and S . rowetti n . sp . from low er assem blages in the 
section  show very strong a ffin ities to Uralian Sakmarian s p e c ie s ; S_. ca llo sa  
(Rauser-Chem ousova) is in fact found in both a reas. S_. hyperborea (Salter) 
from the h ighest zone a lso  occurs in Lower Permian deposits  in the Yukon 
Territory and Arctic Archipelago, and is  similar to the Artinskian sp e c ie s  
S . iuresanensis (Rauser-Chernousova) from the Ural reg ion . M ost o f the 
other described  new sp ecies  of Schwagerina apparently are endem ic to 
Alaska and have not yet been reported from other a reas. Several sp e c ie s  
have ch aracteristics that suggest a common ancestry with more southerly 
North American s p e c ie s . However, the faunas of the m idcontinent United 
States and Schwagerinas from the Tethyan realm are d istin ctly  d ifferent 
from those o f the Boreal realm .
A marine connection  with the W estern Cordillean province o f Canada
31
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as far south as northern California is  supported by the distribution  of several 
groups o f fu su lin id s . Ozawa (1967, p . 1962-164) has recen tly  pointed out 
that s p e c ie s  o f the genus Pseudofusulinella  (Kanmeria), particularly the P_. 
(K.) uthanensis group , are w idely distributed in the P a c ific  Northwest of 
North Am erica, Spitsbergen , and the Ural M ountains. Forms belonging to 
this group are a lso  found in the Canadian A rctic and are reported from the 
Alaska Range in this paper. The sp e c ie s  o f Pj (K.) c f .  P_i parvula Skinner 
and W ilde described  in this report a lso  in d ica tes a broader distribution for 
O zaw a 's  P. (K.) parvula group. It is interesting that the greatest diversity 
o f s p e c ie s  o f P . (Kanmeria), including the m ost prim itive forms thus far re ­
ported , occu r in the northwestern part o f the United S tates, notably in the 
M cC loud Lim estone o f northern C a liforn ia . As Ozawa (1967 , p . 164) sug­
gests  , the d isp ersa l o f  this subgenus into the Boreal realm certa in ly  must 
have originated from this center o f d iversity .
S p ecies  o f the Eoparafusulina (Eoparafusulina) lin eage as defined 
by Ross (1967) are a lso  w ell docum ented in the A rct ic , including Alaska , 
the Yukon Territory, Arctic A rch ipelago, and G reenland. The sp ec ie s  from 
the upper Wordiekammen Lim estones in S p itsbergen , w hich w as question ­
ably  assign ed  to Parafusulina lutugini (Schellw ien) by Forbes (1960) , is 
probably a form o f E_. (Eoparafusulina). A dditional s p e c ie s  o f the subgenus 
o ccu r in northern California (M cCloud Limestone) and have recently  been 
d escribed  from the N eal Ranch Form ation, Texas (Ross , 1967). Farther 
south , in the central A n d es, Dunbar and N ew ell (1946) reported the occu r­
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rence o f two elongate Schw agerinas, S. prolongata (Berry) and S . ste in -  
manni Dunbar and N ew ell, which have cun icu li and heavy axial f illin g .
These forms are certain ly part o f the E_. (Eoparafusulina)- M onodiexodina 
lineage (Ross, 1962) and probably should be referred to the latter gen u s.
It is not my purpose here to  d iscu ss  the evolution  o f the E_. (Eoparafusulina) -  
M onodiexodina com p lex , but the w ide distribution o f this lineage supports 
at least temporary con n ection s of the Boreal, C ordillean, and Andean marine 
environm ents. As y e t, sp e c ie s  o f E_. (Eoparafusulina) or M onodiexodina 
have not been reported from the W estern Cordillera in Canada, but d ispersa l 
certainly must have occurred through this reg ion .
Few sim ilarities ex ist between the Alaska Range fusulinids or any 
early Permian forms from the Boreal realm to fusulinids of the Japanese 
Islands. Ozawa (1967, p . 164) has suggested that the single sp ecies  o f 
P seu dofu su lin ella , P_. (Kanmeria) japonica (Ozawa) , from Lower Permian 
rocks at M t. Raidenyama and the Mino Mountains was derived from the P.
(K.) utahensis group, w hich d ispersed northward from northwestern United 
States across the Boreal realm into the Uralian seaway and then eastward 
along the Tethyan realm to Japan. E_. (Eoparafusulina) mendenhalli n . sp . 
described  in this report from the Alaska Range, and_E. (E.) a laskensis 
(Dunbar) from Kuiu Island , southeastern Alaska , are apparently related to 
E . (E.) lanqsonensis (Saurin), originally  described  from the Ky-Lua Lime­
stone in Viet Nam, and more recently  reported from the Sakamotozawa 
Series in Japan (Kanmera and M ikam i, 1965, p . 288 -289). This does not
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
suggest an early Permian marine connection  between Alaska and the Japanese 
Islands, how ever, as the faunas o f the two areas are otherwise d istin ctiv e . 
The sp ecies  from both geographic areas more likely  were derived from boreal 
forms that may have had their origin from the Eoparafusulina stock  that 
evolved in the middle Cordillean region , as suggested by Ross (1 9 6 7 c).
Dunbar (1932) described  a sp ecies  as Neoschwagerina columbiana 
(Dawson) from Marble Canyon, British Colum bia, that subsequently has 
been reidentified as Yabeina columbiana by Thompson and W heeler (1942).
At that time Dunbar suggested a marine connection from the Orient around 
the northern P acific to the Cordillean geosyncline as far south as C aliforn ia . 
Since then, Tethyan faunal elem ents have been w ell documented in British 
Columbia and the P acific  Northwest o f the United States, including north­
ern California (Anderson, 1941; Thompson, W heeler and Danner, 1950; 
Thompson and W heeler, 1942; Skinner and W ild e , 1966b, 1966c, 1966d; 
D ouglas, 1967; and oth ers). H owever, these faunas are not found in Alaska 
or other parts of the A rctic . Marine conditions apparently becam e much more 
restricted in the area o f the ancestral Alaska Range later in the Artinskian, 
coincident with the beginning o f epeirogenic uplift that culminated in M eso­
z o ic  tim e. Evidently, the Alaskan province, with its boreal fau n as, w as 
not directly  connected with the " Pacific" (Japanese) Tethyan sea at any 
time during the Permian.
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CORRELATION OF THE UPPER DELTA RIVER SECTION
In the follow ing d iscu ssion  I have limited my comments to several 
areas within the Boreal realm where fusulinids have been reported and for­
mally described  in the literature. My interpretation as to how the Alaskan 
section  corresponds to the Russian d iv ision s and subdivisions o f the w est­
ern Ural region o f the U .S .S .R . is given in T e x t -f ig s . 5 and 6.
Kuiu Island, Alaska: A single fusulinid s p e c ie s , here identified as Eopara­
fusulina (Eoparafusulina) a laskensis (Dunbar) was described  from the Lower 
Permian o f Kuiu Island in southeast A laska. Dunbar (1946) suggested that 
these forms came from the lower part of a 57 5 foot section  measured by 
Wright and Wright (1908, p . 54-55) from Halleck Harbor near the north end 
o f Saginaw Bay and were originally identified as " Fusulina a ff. F. longissima 
M oeller1 . The E_. (E.) a laskensis horizon is correlated with Zone C based 
on the c lo s e  sim ilarity o f this sp ecies  to E_. (E.) mendenhalli n . sp .
Northeastern Alaska and Northwestern Yukon Territory: Fusulinids have been 
described  from several lo ca lities  in these areas by Skinner and W ilde (1966a) 
and Ross (1967b). There is some doubt as to the correct location  o f the 
sam ples examined by Skinner and W ild e , as the sam ples available to them 
were co lle cted  from floa t. Eoparafusulina (Eoparafusulina) yukonensis 
(Skinner and W ilde) and E_. (E.) laudoni (Skinner and W ilde) were described
35
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from such (float) samples from the Tatonduk River area in the Yukon Territory, 
and the Nation River area in Alaska resp ectiv e ly . The latter s p e c ie s , co n ­
sidered the younger o f the two by Skinner and W ilde (1966a) , is  thought 
Laudon (Skinner and W ild e , ibid.) to  have been derived from the Nation River 
Formation, while E_. (E.) yukonensis is from the Permian Tahkandit Lime­
stone. The horizons in which these sp ec ies  occu r may a lso  be approximate 
equivalents o f Zone C . The sp e c ie s  o f Eoparafusulina from the Mankomen 
Formation in the study area are more highly evolved and probably are sligh t­
ly younger. The E. yukonensis assem blage o f Ross (1967) from N elson 's
(1961) " Middle R ecessive  Unit" from the Yukon Territory likew ise is corre­
lated with Zone C .
A precise correlation with R oss’ (1967) Schwagerina sp . B assem ­
blage from the lower part o f the Tahkandit Formation is  more d ifficu lt. This 
assem blage is characterized by poorly preserved specim ens o f an unde­
scribed sp ecies  o f Schwagerina that does not appear to be co n sp e c ific  with 
any sp ecies  from the study area. H ow ever, the heavy axial filling  and 
highly fluted septa o f this sp ec ie s  is a lso  characteristic of Schwaqerina sp . 
C from Zone E. The Schwagerina jenkinsi assem blage o f Ross (1967) from 
much higher horizons in the Tahkandit Limestone is  correlative with Zone F.
Grinnell Peninsula , Arctic Archipelago: The fusulinid fa-tmas described  from 
unit 3 o f the Belcher Channel Formation by Thorsteinsson (Harker and 
Thorsteinsson, 1960) are sim ilar to many o f the sp ecies  from the Upper 
Delta River section . Their " faunule 1" , containing Pseudofusulinella
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utahensis Thompson and B issel is  con sidered  equ ivalent to Zone B. Faunule 
2 , which is com posed so le ly  o f Eoparafusulina (Eoparafusulina) paralinearis 
(Thorsteinsson) correlates with Zone C , w hile their youngest faunule (3) is 
equivalent to the highest Zone (F) d escr ibed  in th is paper.
Northeast Greenland: Fusulinid faunas ranging in age from M oscovian  to 
early Sakmarian have been described  by  Ross and Dunbar (1962) from Holm 
Land and Amdrup Land, northeast G reenland. Zonation o f the section  and 
a summary of the fauna is  given  by Dunbar and others (1962). Tentative 
correlation is p o ss ib le  with only part o f  the Greenland section , as most 
o f the fusulin id-bearing horizons occu r  in older r o c k s . The low er part of 
the Upper Marine Group contains a Lower Permian fauna but unfortunately, 
these sp ecies  do not occu r in the Alaska Range s e c t io n . Three incom plete 
specim ens o f Eoparafusulina (Eoparafusulina) c f .  E_. (E.) paralinearis 
(Thorsteinsson) w ere found in floa t thought to  have been  derived from the 
low er part o f the Upper Marine G roup. This part o f  the Greenland section  
(Zone of Pseudoschw agerina) may be equ ivalent to a portion o f the Alter­
nating Lim estone-Shale Member o f the Mankomen Formation up to and in ­
cluding Zone C . Dunbar and others (1962) su ggested  that the highest 
horizons (Profiles G and H) o f  the Upper Marine Group were older than the 
upper part o f the Belcher Channel Form ation, s in ce  the former la cks  the 
highly evolved  Schwagerinas that are ch a ra cteristic  o f Harker and Thor- 
s te in sson 's  "faunule 3" . The same may apply to  Zone F o f the Upper Delta 
River se ction , but con c lu s iv e  ev id en ce  is  lack ing as fusulinids were not
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reported from the uppermost 700 feet o f the Upper Marine Group. Dunbar 
and others (1962) su ggest a Sakmarian age for Profiles G and H on the b asis  
o f the brachiopod fau n a . It is my opinion that Zone F o f the Upper Delta 
River Mankomen Section  and "faunule 3" o f the Belcher Channel Formation 
are no older than early Artinskian.
Spitsbergen: Forbes (1960) described  a M iddle C arboniferous-Low er 
Permian fusulinid fauna from Spitsbergen and em ployed the g eo lo g ica l and 
stratigraphical nom enclature o f G ee , Harland and M cW hae (1952), which 
has sin ce  been m odified and revised tw ice by Forbes, Harland, and Hughes 
(1958), and Cutbill and Challinor (1965). I concur with Dunbar and others
(1962) regarding the invalid ity o f some o f Forbes' (1960) id en tifica tion s .
The upper Wordiekammen L im estones, which are equivalent to the upper 
part o f the T yrrellfje llet Member of the Nordenskioldbreen Formation (Cut­
b ill and C hallinor, 1965), nevertheless appear to be correlative with the 
low er part of the Lim estone Member. The presence o f Eoparafusulina in 
the highest horizons in the Wordiekammen Lim estones suggest a correlation 
with Zone C o f the Upper Delta River se ction . Ross' (1965) fauna from the 
upper part of the Cyathophyllum Limestone at Tem pelfjorden (C ollections 
F -4 , F -5 , and H-F [float]) a lso  suggest a correlation  with Zone C o f the 
Delta River Mankomen se ct io n . However, I take exception  to Ross' ident­
ifica tion  o f Parafusulina furnishi. The primitive cun icu li o f this sp ec ie s  is 
not characteristic o f  th is gen u s. Cutbill and Challinor (1965, p. 424) have 
indicated that Schwagerina anderssoni a lso  shows some developm ent of
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cunicu li and that " it does not seem p ossib le  to separate the two species" . 
The S_. anderssoni zone w as correlated with the A sselian and Lower W olf -  
camp by these authors (Cutbill and Challinor, 1965), and later the same 
zone in the Tyrrellfjellet Member of the Nordenskioldbreen Formation on 
Ny Friesland likew ise  was correlated with the A sselian  (C u tbill, 1968). 
H ow ever, Ross (1965) reported a number o f sp ecies  of Triticites that are 
co n sp e c ific  with Carboniferous forms o f the southern U ra ls , occurring with 
S . an d ersson i. He therefore correlated this assem blage with the Upper 
Pennsylvanian (Virgil ? )  o f North America. Because o f this dichotom y it 
is not fea s ib le  to attempt a correlation with the lower part o f the Mankomen 
Formation. M oreover, if  Cutbill and Challinor (1965) are correct, S . 
anderssoni may be the o ldest species thus far reported with cu n icu li.
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PALEONTOLOGY
Methods
Forty-three rock samples o f approxim ately seven pounds each were 
co lle cted  from measured sections in the Upper Delta River fault block 
(T ext-figs . 4 , 5 ,  and 6 ). Sampled intervals are not regular inasmuch as 
rock specim ens were co lle cted  for fusulin ids whenever productive lith o- 
log ies  were encountered. Samples w ere not taken from the middle black 
shales o f the Limestone Member.
Free fusulinid specim ens were not observed in any part of the 
section . All co lle cted  rock material w as cut into 1 /8  inch slabs both 
parallel and perpendicular to bedding p la n es . Fusulinids were extracted 
from these and prepared for study.
Table 1 lists the distribution o f fusulin id  sp ecies  according to 
sample number and position  above the base  o f the measured section . The 
number o f specim ens sectioned per sp e c ie s  a lso  is noted. This number 
indicates in a general way the relative abundance o f specim ens per sam­
p le .
Faunal descriptions include measurements from m orphological param­
eters as defined by W addell (1956, p . 2 3 -2 4 ). Measurements of chomata 
height were not recorded as these are secondary deposits and may not be
40
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en tire ly  g e n e t ic a lly  c o n tr o l le d . In a d d it io n , van  G inkel (1 9 65 , p .  6) p o in ted  
out that the d eg ree  o f  c o i l in g  o f  the te s t  (tigh tn ess  o f  sp ire) ca n  m ost u s e ­
fu lly  be e x p re sse d  in q u an tita tive  term s. This param eter is  com puted  by
*
the form ula:
RVn + 1 -  RVn x  1 00 , w here 1 — n —i ,  i e .  RV2 -  RV  ^ x  100;
RVn RV:
RV3 -  RV2 x  1 0 0 , e t c .
RV2
w here RV = radius v e c to r  and the nu m erica l su b scr ip t is  e q u iv a len t  to  
vo lu tion  num ber.
M ean v a lu es  (M) fo r  q u an tita tive  data per number o f data p o in ts  
(N) are in clu d ed  under s p e c ie s  d e s cr ip t io n s  in  the form M /N . Term in­
o lo g y  referring to  m orp h o log ica l fea tu res that w ere not qu an tified  in  th is  
study a ls o  w as adopted  from  W a d e ll  ( i b id . ,  p . 2 4 -2 5 , T e x t - f ig s .  7 -1 0 ) .
S ta tis t ics
In d e scr ib in g  p op u la tion s  o f  f o s s i l  o rg a n ism s , on e o f  the prim ary 
o b je c t iv e s  n e c e s s a r ily  is  an e v a lu a tion  o f  both  the nature and ex ten t o f  
v a r ia tion . The inherent in a d e q u a c ie s  o f  s u b je c t iv e  d iscr im in a tion  o f  
s p e c ie s  are rea d ily  apparent to  e x p e r ie n ce d  in v estig a tors  and are c o n fu s ­
ing to new  students o f  s y s te m a t ic s .  One w ay  o f  presen tin g  a m ore m ean ­
in gfu l c la s s i f ic a t io n  as w e ll a s  rem oving som e o f the s u b je c t iv ity  is  to  u se
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a d escrip tive  language which has a common denom inator among a ll  in v e s ti­
g a tors . Data derived from measuring various m orphologica l parameters o f 
the Fusulinidae are amenable to both num erical a n a lyses  and sta tistica l 
t e s ts .  Some o f the advantages offered  by th is system  are: resu lts can be 
readily  ch e ck e d , con fidence le v e ls  are sta ted , and degree o f variability  is 
show n. The nature and extent o f variation in the characters under co n s id ­
eration are thereby precisely  d e fin ed . It is  p erfectly  true that a su b jective  
elem ent enters during the interpretation o f  th ese  data; h ow ever, the criteria 
on w hich d e c is io n s  were reached are g iv en .
Two tab les  which summarize the variation  fo r  quantified morpho­
lo g ica l characters accom pany m ost sp e c ie s  d e scr ip t io n s . The first table 
in d icates the per volution variation in half length (HL) , radius v ector  (RV), 
protheca th ick n ess (PT) , tunnel width (TW ), tigh tn ess o f spire (TS), and 
form ratio (FR). Both the minimum and maximum diam eter o f the proloculus 
(Pro.) were sim ilarly treated. Brief d efin ition s o f  the s ta tis tica l parameters 
are given b e lo w . The reader is a lso  referred to  S nedecor (1959) , M iller 
and Kahn (1965), and Simpson, Roe and Lewontin (1960) for a more com ­
plete treatment o f the sta tistics  used in this report.
Number o f Data Points (N): Number o f measurements or com putations. 
Maximum (M a x .): Highest value recorded per ea ch  varia te .
Minimum (M in .): Lowest value recorded per each  varia te .
Arithmetic Mean (X): Computed by5~X /N  where X equals the sum o f  the 
data points for a variate.
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Standard D eviation  (s): M easure of the variance o f a sample; given  by:
C oe ffic ien t o f Variation (C .E ,) :  Standard deviation expressed as a per­
centage o f the m ean, 100 X /X .
sample mean as an estim ate o f the true mean o f the sample population ;
The secon d  table summarizes the results of regression  analyses 
which were ca lcu lated  for each  s p e c ie s , using the half length (HL), radius 
vector (RV), and protheca th ickn ess (PT) as variables. Only two variables 
were used in each  regression ; HL : RV, and RV : PT. Because there is no 
com pelling reason for con siderin g  either HL or RV (or RV or PT) as the d e ­
pendent va ria b le , regression s were ca lcu la ted  alternating the m orphological 
parameters as independent and dependent variab les . A linear correlation 
was found in each  o f these  sets  o f va ria b les , with the correlation c o ­
e ffic ien ts  generally  exceed in g  90 percen t.
The s lop es  o f the regression  line were compared v isu a lly  between 
c lo s e ly  related s p e c ie s . For a more precise  method o f com parison , see 
M iller and Kahn (1965, p . 2 0 4 -2 1 0 ).
U sed in con junction  with the sta tistics  from the previously d is ­
cu ssed  ta b le , these regression  an alyses were found to be useful both in 
describing and comparing m orphological traits between sp e c ie s  populations.
Standard Error o f the M ean (S .E .rr): A measure of the re liability  o f the
A
given by: s/^ /n".
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In addition , it was a lso  p oss ib le  to analyze individual variation in species  
groups for characters within the scope  of the regression . Inasmuch as a 
regression function estim ates the values o f dependent variables, it is p o s s ­
ible to record individual variation by computing a table o f residu a ls, which 
are the d ifferences between the actual value o f the raw data and the estim ­
ated values o f the same data points calculated by the regression . Because 
the raw data includes the parameters (RV : PT) or (HL : RV) for a ll the 
volutions o f every member of the s p e c ie s , the computed residuals numer­
ica lly  reflect the variation within the spectrum of the sample population. 
Individual variation is  thereby defined; however, specim ens in which the 
residual value is greater than the standard error o f estimate (p. 46) for most 
volutions probably do not belong in that sp ecies  population (on the basis 
o f these characters) and can be more c lo se ly  scrutinized for anomalous 
variation in other ch aracters, and perhaps be placed in another species  
population. On the other hand, a specimen which exceed s the values o f 
the standard error o f estim ate in only one or two volutions may neverthe­
less  belong to that sp e c ie s  population. Used in conjunction with the per 
volution variation for these  three parameters the chance for error is reduced 
considerably in the final analysis of these characters.
The tabulation o f residuals for a ll the sp ecies  comprising this 
fauna is  quite ex ten siv e , and they consequently have not been included 
in this report. They a re , how ever, available on request, as are a ll other 
tabulated raw m easurem ents, from the Department of G eo logy , University
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o f Alaska , for co s t  o f  zerox in g .
The follow ing statistica l notations are included in the tables for
the regression analysis;
/
Number of Data Points (Np): Number o f dependent variab les , or number
of independent variables; these values are alw ays equal.
Mean (X j:  Arithmetic mean for dependent or independent variables denoted R
by subscript Y and X resp ective ly .
Standard D eviation (s „): Variance o f dependent (subscript Y) or independ­
ent (subscript X) variables.
Correlation C oeficien t (r): Measure o f the degree o f a ssocia tion  between 
the dependent and independent variaoles (linear correlation co e ffic ie n t); 
given by;
Regression C oefficien t (K); The slope or trend o f the regression  line; 
represents a change in Y per unit change in X in the equation: Y = b +
KX. Given by; K = S y /s^ .
Standard Error of Regression C oefficien t (S .E .^): (Standard error o f  the 
slope) A measure o f the reliability  o f the slope o f the regression  line as 
an estimate o f the true slope existing between the dependent and independ­
ent variables in the population. It is given by the formula:
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Intercept (b): This is  a constant in the equation: Y = b + KX given by the 
intercept value where the regression  line cro sse s  the Y -ax is  (dependent 
variable a x is ) .
Standard Error o f Estimate (S .E ,c;:t ): A measure o f the accuracy  o f the 
sampling plan, given by the formula:
where Y equals a measured or calcu lated  value o f the dependent variable , 
and Yest is equivalent to  the value o f Y estim ated by the regression . The
or deviation from the regression . This is the variation due to sampling 
error.
Each se lection  in the tables represents a regression  an a lysis ; each 
analysis is noted in the form Y/X where Y equals the dependent and X the 
independent variable.
Repository
All specim ens are housed in the p a leon to log ica l co lle c t io n s  o f the 
Department o f G eology , U niversity o f A laska,
expression -  Ygst therefore represents the unexplained variation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
SYSTEMATIC PALEONTOLOGY
Superfam ily  F u su lin a ce a  v o n  M o lle r ,  1878 
Fam ily Fu s u lin id a e  v on  M o l le r ,  1878 
S ubfam ily  F u su lin in a e  v on  M S lle r , 1878 
G en u s P s e u d o fu s u lin e lla  T h om p son , 1951 
Subgenus Kanm eria O zaw a , 1967
P s e u d o fu s u lin e lla  s p .  A 
P la te  1 , f ig s  . 1 -2  
T a b le  2
D ia g n o s is
Shape: The te s t  is  fu s iform  to  rh om b o id a l w ith  b lu n tly  poin ted  to  b roa d ly  
rounded p o le s .  The la tera l s lo p e s  are stra igh t but m ay be s lig h t ly  c o n c a v e  
in  the la st  tw o  v o lu t io n s .  The ou ter v o lu t io n s  are  u su a lly  much ex te n d e d  
in  com p a rison  w ith  the e a r lie r  o n to g e n e t ic  s t a g e s .  The a x is  o f  c o i l in g  is  
stra igh t.
S ize : M ature s p e c im e n s  are b e l ie v e d  to  p o s s e s s  8 to  8 .5  v o lu t io n s  and 
are about 5 .6  mm in length  and 2 .6  mm in  d ia m e te r . The outer v o lu t io n s  
o f  the stu dy  s p e c im e n s  w ere  b a d ly  a b r a id e d , m aking a ccu ra te  m easu rem en ts
47
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i m p o s s i b l e .
H alf Length; The mean h a lf  le n g th s  fo r  tw o  s p e c im e n s  for the f ir s t  through 
the e ighth v o lu t io n s  are: . 1 5 ,  . 2 7 ,  .42  , . 7 3 ,  1 . 1 0 ,  1 , 3 5 ,  2 .5 7  , and 
3 .2 5  mm.
Radius V ector : The mean rad ius  v e c t o r s  f o r  v o lu t io n s  one through e ight 
are: . 1 0 ,  . 1 5 ,  . 2 2 ,  . 3 2 ,  . 4 4 ,  . 6 4 ,  . 9 0 ,  and 1 .8  mm r e s p e c t i v e ly .
W a ll :  The sp iro th e ca  is  c o m p o s e d  o f  te ctu m  and a low er  f ib rou s  la y e r .
In the outer  v o lu t i o n s ,  the f ib ro u s  la y e r  i s  p a rt icu la r ly  w e l l  d e v e lo p e d .
The darker a rea s  separatin g  the mural p ores  appear a s  " f a l s e  a lv e o l i "  . 
Epithecal d e p o s i t s  are th ick  in  the  inner v o lu t io n s  and o c c u r  irregularly  
in other parts o f  the  t e s t .  The p ro th eca  i s  o f  an ev en  c o n s i s t e n c y  and 
in c r e a s e s  in the f ir s t  fou r  v o l u t i o n s ,  a fte r  w h ich  it m aintains a p p ro x ­
im ately  the sam e th ic k n e s s  until  th e  la s t  v o lu t io n ,  w here it aga in  b e ­
co m e s  th ic k e r .  The a v e ra g e  p ro th eca  th ic k n e s s  fo r  v o lu t io n s  on e  through 
e ight are: 1 1 .5  , 1 6 . 2 ,  1 6 .5  , 25 .6  , 3 4 .6  , 31 .9  , 3 3 . 9 ,  and 5 0 .1  
m ic r o n s .
-
C hom ata: Chomata are w e l l  d e v e l o p e d  on  a l l  v o lu t io n s  and are high and 
narrow . The chom ata  on  the inner v o lu t io n s  are con t in u ou s  w ith  the 
h ea v y  e p i t h e c a l  d e p o s i t s  but are m ore d i s t in c t iv e  in later o n to g e n e t ic  
s t a g e s .  H ea vy  s e c o n d a r y  d e p o s i t s  a rch  o v e r  the tunnel from the chom ata  
in m ost v o lu t i o n s .  A d d it ion a l s e c o n d a r y  d e p o s i t s  arch  ov er  the tunnel
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
49
from the chom ata in m ost  v o lu t io n s .  A dditional s e co n d a ry  d e p o s i t s  o c c u r  
a d ja ce n t  to  the chom ata in the outer three v o lu t i o n s .
Axial D e p o s i t s :  S econ d ary  a x ia l  f i l l in g  is  absent e x c e p t  for d i s c o n t in u -  
our pa tch es  at the p o le s  o f  the s e c o n d  through fourth v o lu t io n s .
T unnel;  The tunnel is  narrow and w e l l  d e f in e d ,  and fo l lo w s  an irregular 
path. The tunnel h e igh t is  l o w ,  probably  never greater than h a lf  that o f  
the ch a m b e rs .  A verage  tunnel w id th s  fo r  vo lu t ion s  one  through e igh t  are: 
. 0 3 ,  . 0 4 ,  . 0 6 ,  .11  , . 1 4 ,  . 1 9 ,  .31  , and .54  mm.
Septa: The septa  are very  w e a k ly  f lu ted  on the la tera l s lo p e s  o f  the 
outer v o lu t io n s  but are s tron g ly  fo ld e d  at the p o le s  in a l l  v o lu t io n s .
M ean v a lu e s  o f  s ep ta i  cou n ts  fo r  v o lu t io n s  one through f iv e  are: 8 . 2 / 6 ,  
1 3 . 8 / 6 ,  1 6 . 8 / 5 ,  1 9 . 4 / 5 ,  and 2 0 . 8 / 5  r e s p e c t iv e ly .
Form Ratio: The a v e ra g e  form ratios  for the two s p e c im e n s  for v o lu t io n s  
one through e igh t  are: 1 .5 6 ,  1 .9 2  , 1 .9 6 ,  2 .3 0 ,  2 . 5 1 ,  2 . 1 0 ,  2 . 8 6 ,  and 
2 .8 0 .
T ightness  o f  Spire: The s h e l l  is  t ightly  c o i l e d  in the juvenarium . The 
percent e x p a n s io n  o f  s u c c e e d in g  v o lu t io n s  gradually  d e c r e a s e s  outward 
from the in it ia l  cham ber w ith  an a vera ge  for  tw o sp e c im e n s  of: 52 . 6 ,  
5 0 . 2 ,  4 5 . 2 ,  4 0 . 5 ,  4 5 . 4 ,  3 9 . 9 ,  and 3 0 .5  p ercen t .
P ro locu lu s :  The p ro lo cu lu s  is  sm all  and round w ith  an a vera ge  maximum
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and minimum outside diameters of 129.8  and 116.4 microns.
D iscussion
Pseudofusulinella sp. A is generally similar to £_. antiqua 
Skinner and Wilde and P_. fusiformis Skinner and W ilde  from the lower 
part of the McCloud Limestone, northern California, but differs in s ize ,  
is not inflated at the midplane, and has nearly straight lateral s lop es .  
There are a lso  some characters common to P. sp .  A and P_. uthanensis 
Thompson and Bissel from the Oquirrh Formation, Utah (Thompson, 1954, 
p . 34) and from the Sublett Range, Idaho (Thompson and others, 1958). 
The former is larger and more elongate with essentia lly  straight lateral 
s lo p e s ,  and has a thicker protheca. The range o f  variation that has 
been attributed to this species  (c f .  Harker and Thorsteinsson, 1960, p. 
2 3 -24 ,  and C assity  and Langenheim, 1966, p. 945-946) make further 
comparisons with P_. utahensis d ifficu lt.
Occurrence and Material
Pseudofusulinella sp . A occurs in Zones A and B in the Alternating 
Limestone-Shale Member in samples R C -1 , RC-2 , R C -3 , RC-4 , RC-5 , 
R C -7 , R C -9 , and RC-10. It is associated  with Schwagerina pseudo-  
karakasensis and_S_. sp . A in sample R C -9 , and with S  ^ c f . S_. emaciata 
in sample R C -10 .











T ab l e  2 .  R e g r e s s i o n  A n a l y s i s  f or  P s e u d o f u s u l i n e l l a  s p .  A
l e c t i o n RV/HL HL/RV PT/RV RV/PT
n r 14 14 14 14
X RX 1 . 1 0 0 .447 . 44 7 25 . 479
X RY . 44 7 1 . 1 0 0 2 5 . 4 7 9 .447
SRX 1 . 0 2 9
.352 .352 1 1 . 7 3 4
SRY .352 1 . 0 2 9 1 1 . 7 3 4
.352
r . 9 8 8 . 98 8 . 89 1 .891
K .33 7 2 . 891 2 9 . 7 4 8 . 027
S.E •K . 01 6 .13 3 4 . 3 7 0
.004
b . 07 6 . 193 12.  177 -  . 23 3
S.E ' e s t . . 05 8 . 169 5 . 5 3 9 . 166
52
The description is  based on two a x ia l ,  six sagittal, and five 
oblique se ct ion s .
Catalogue Numbers
UA2000 through UA2012 .
Pseudofusulinella valkenburghae P e to cz , n . s p .
Plate 1 , figs  . 3-11 
Tables 3 and 4
Diagnosis
Shape: The shell is elongate fusiform to fusiform, with broadly rounded 
to bluntly pointed p o l e s . Inner volutions tend to be somewhat oviodal 
with straight to concave  lateral s lo p e s .  The axis o f co il ing  is straight 
to gently arched.
Size: Mature individuals o f 6 to 7 .5  volutions range in length from 3.1 
to 6 .1  mm and 1 .5  to 1 .9  mm in width. These estimates are based largely 
on interpretation o f  eroded specim ens .
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Half Length: Mean half lengths for volutions 1 through 7 .5  are: . 1 2 /9 ,  
. 2 7 / 9 ,  .4 7 /9 ,  . 8 0 / 9 ,  1 .2 1 /9  , 1 .7 7 /8 ,  2 . 4 7 / 4 ,  and 2 .5 9 /2  mm resp ec ­
t iv e ly .
Radius Vector: Mean values for radius vector for the first through seventh 
volutions are: . 1 0 / 9 ,  . 1 5 /9 ,  . 2 4 /9 ,  . 3 4 /9 ,  . 4 7 / 9 ,  . 6 6 /9 ,  and .8 3 /4
mm. '
W all: The spirotheca is com posed o f tectum and diaphanotheca with mural 
p o les  in the outer volutions o f  several individuals . Epithecal deposits 
are irregular but generally  heaviest in the inner vo lu t ion s .  Few specimens 
were entirely free o f  these d e p o s its .  The protheca is thin and of even 
co n s is te n cy .  Mean values for protheca th ickness  for volutions one 
through seven are: 1 0 . 7 / 9 ,  1 5 .8 /9 ,  1 8 .4 /9 ,  2 1 . 8 / 9 ,  2 4 . 7 / 9 ,  2 8 .1 /7 ,  
and 2 4 .3 /2  m icrons.
Chomata; Chomata are strongly developed in a ll  volutions and normally 
are about on e -h a lf  the chamber height. The shape o f  the chomata is 
asymmetrical to rounded. Secondary deposits  may arch over the tunnel 
path between chom ata .
Axial D eposits : Axial filling is lacking except  for sm all, irregular loca l 
patches at the junction of vo lu tions.
Tunnel: The tunnel is  narrow and fo llow s an irregular path. Its height is 
low  but increases up to half that o f the chambers in outer volutions.
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M ean  v a lu e s  for tunnel w idth  are: . 0 3 / 7 ,  . 0 5 / 9 ,  . 0 8 / 9 ,  . 1 1 / 9 ,  . 1 7 / 9 ,
. 2 7 / 8 ,  and . 3 7 /6  mm for  the p ro lo cu lu s  through the s ixth  v o lu t io n .
Septa: The septa are fluted  in the po la r  r e g io n .  Very w eak  fo ld in g  o c c u r s  
a lo n g  the lateral s lo p e s  o f  the outer v o lu t i o n s .  M ean  v a lu e s  for sep ta l 
co u n ts  fo r  the first  through sixth  v o lu t io n s  are : 8 . 4 / 5 ,  1 2 . 4 / 5 ,  1 7 / 4 ,  
1 6 , 8 / 4 ,  1 5 /4 ,  and 1 8 /3 .
Form Ratio: Mean v a lu e s  o f  form ratio  for v o lu t io n s  one  through se v e n  
are : 1 . 3 1 / 9 ,  1 . 7 6 / 9 ,  2 . 0 1 / 9 ,  2 . 3 8 / 9 ,  2 . 5 7 / 9 ,  2 . 7 0 / 8 ,  and 2 . 9 0 / 3  
r e s p e c t iv e ly .
T ig h tn e ss  o f  Spire: The te s t  is  l o o s e l y  c o i l e d  but the percent in c r e a s e  
o f  s u c c e e d in g  v o lu t ion s  d e c r e a s e s  outward from the in it ia l  cham ber with 
m ean v a lu e s  o f  62 . 3 / 9  , 52 . 7 / 9 ,  42 . 7 / 9 ,  40 . 2 / 9  , 4 1 . 2 / 9 ,  and 3 3 . 4 / 4 .
P ro lo cu lu s :  The p ro lo cu lu s  is  o f  varying  s i z e ,  ranging from 8 6 .4  to  1 55 .1  
m icron s  for the maximum o u ts id e  d ia m eter .  M ean  v a lu e s  for the maximum 
and minimum ou ts id e  d iam eter are 1 2 2 . 4 / 9  and 1 0 8 . 9 / 9  m icrons r e s p e c ­
t i v e ly .
D i s c u s s i o n
P seu d o fu su lin e lla  va lkenburghae n .  s p .  and P_. s p .  A agree  c l o s e l y  
in m ost measured param eters . JP. va lken bu rgh ae  d i f fe r s  in its  more pro ­
n ou n ced  c o n c a v e  lateral s l o p e s ,  l e s s  m a s s iv e  c h o m a ta , few er v o lu t io n s ,
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and more l o o s e l y  and e v e n ly  c o i le d  sp ire .  P . va lken bu rgh ae  is  s im ilar in 
s h e l l  con stru ct ion  to  P_. antiqua Skinner and W i l d e ,  P .  fu s i fo rm is  Skinner 
and W i l d e ,  and P_. u th en s is  Thom pson and B is s e l ,  but there  are sev era l  
d i f fe r e n c e s  w h ich  d is t in g u ish  it from these  s p e c i e s .
The s p e c i e s  is  named for Judith Van V alkenburgh , U n ivers ity  o f
A la s k a .
O ccu rren ce  and M ateria l
P se u d o fu su lin e l la  va lkenburghae n .  s p .  is  found o n ly  in sam ple 
R C -11  in Z one B o f  the Alternating L im eston e -S h a le  M em b er . It o c c u r s  in 
a s s o c ia t i o n  w ith  S chw agerina  whartoni n .  s p .  and S_. c f .  S. e m a c ia ta .
The d e s cr ip t io n  is  b a se d  on nine a x ia l ,  f iv e  sa g itta l  and tw o 
o b l iq u e  s e c t i o n s .
C a ta logu e  Numbers
H olo typ e :  UA2014; paratypes U A2013, and UA2015 through 
U A 2028 .












T ab l e  3.  R e g r e s s i o n  A n a l y s i s  f or  P s e u d o f u s u l i n e l l a  v a l ke n b u r g h a e
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
N r 54 54 54 54
^RX .79 8 .33 7 . 337 2 0 . 0 1 3
*RY .337 . 7 9 8 2 0 . 0 1 3 . 337
SRX . 659 . 2 3 0 .23 0 7 . 984
SRY . 230 . 6 5 9 7 . 9 8 4 . 23 0
r . 961 . 961 .781 .781
K . 335 2 . 75 6 2 7 .  146 . 02 3




. 1 1 0  
-  . 131
3 . 0 1 2
i
1 0 . 8 6 1
. 00 3  
-  . 112














V olu t ion HL 1 2 3 4 5 6 7 8
N 9 9 9 9 9 8 4 2
M a x .  V alue .15 7 .36 7 .722 1 .1 9 4 1 .7 0 6 2 . 148 3 .0 6 0 3 .0 6 0
M in .  V alue .095 .2 2 3 .351 .5 0 5 .8 9 4 1 .4 1 0 1 .8 6 3 2 .4 1 1
X .1 2 4 .2 7 2 .47 4 .7 9 6 1 .2 0 6 1 .7 6 8 2 .4 7 4 2 .5 9 4
S .0 1 9 .0 4 6 . 109 . 199 .2 6 8 .2 9 3 .5 0 5 .2 6 0
C . V . 1 5 .6 17 .1 2 3 .0 25 .0 22 .2 1 6 .6 2 0 .4 1 0 .0
S .E .0 0 6 .01 5 .0 3 6 .0 6 6 .0 8 9 . 103 .252 .1 8 4
V o lu t ion RV 1 2 3 4 5 6 7 8
N 9 9 9 9 9 9 4 1
M a x .  V alue .11 7 . 183 .26 4 .3 7 9 .52 1 .7 4 4 .8 8 4 1 .1 6 3
M in .  V alue .0 8 4 .131 .2 0 8 .2 8 4 .4 0 3 .5 5 4 .7 2 7 1 .1 6 3
X .0 9 5 . 154 .2 3 5 .3 3 6 .471 .6 6 4 .8 2 7 -
S .01 2 .01 7 .0 1 9 .031 .0 4 8 .0 6 6 .071 -
C . V . 1 3 . 0 1 0 . 8 8 . 2 9 . 3 1 0 . 3 9 . 9 8 . 6 1 0 . 0
S - E - x .0 0 4 . 00 6 . 006 . 010 .016 . 022 . 035 . 184
V o lu t ion P r o . M i n . P r o . M a x .
N 9 9
M a x .  V alue 1 4 0 . 3 1 55 . 1 T a b le  4 , Part 1. O b s e r v e d  V ariation  in
M in .  V alue 7 3 . 7 8 6 . 4 P s e u d o fu s u l in e l la  va lk en b u rg h a e
X 1 0 8 . 9 1 2 2 . 4
S 2 0 . 4 25 .0
C . V . 1 8 . 8 2 0 . 4
s . e . - 6 . 8 8 . 3
V o lu t ion FR 1 2 3 4 5 6 7 8
N 9 9 9 9 9 8 3 1
M a x .  V alue 1 . 5 7 2 . 2 0 3 . 0 2 3 . 9 6 3 . 7 7 3 . 5 4 3 . 5 2 2 . 3 9
M in .  V alue 1 .09 1 . 3 8 1 . 5 5 1 . 7 8 2 . 05 2 .  18 2 .56 2 . 39
X 1 .3 1 1 . 7 6 2 . 0 1 2 . 38 2 . 57 2 . 70 2 . 9 1 -
S . 19 . 27 .43 .66 .60 . 43 .53 -
C . V . 1 4 . 4 1 5 . 4 2 1 . 2 2 7 . 6 2 3 . 2 1 5 . 9 1 8 . 3 -











V olu t ion PT 1 2 3 4 5 6 7 8
N 9 9 9 9 9 7 2 1
M a x .  V alue 12 . 1 2 1 . 5 2 6 . 4 2 8 . 6 3 8 . 5 4 6 . 2 2 9 . 2 42 .9
M in .  Value 8 .8 12 .1 12 .1 12 .7 1 7 . 6 1 8 . 2 1 9 . 3 4 2 . 9
X 1 0 . 7 1 5 . 8 1 8 . 4 2 1 . 8 2 4 . 7 2 8 . 1 2 4 . 3 -
S 1 . 2 3 . 5 4 . 4 4 . 2 6 . 3 9 . 1 7 . 0 -
C . V . 1 1 . 4 22 .0 2 3 . 7 1 9 . 1 2 5 . 3 32 .6 2 8 . 9 -
S .E .4 1 . 2 1 . 5 1 . 4 2 . 1 3 . 5 5 . 0 —
V olu tion TW 0 1 2 3 4 5 6 7
N 7 9 9 9 9 8 6 1
M a x .  Value .0 4 0 .066 . 101 .153 . 22 4 . 352 .464 . 374
M in .  Value .024 .045 .0 5 4 .084 .115 . 182 .301 . 37 4
X . 034 . 054 . 07 6 . 10 9 . 16 8 .271 . 36 8 -
S . 00 6 .007 .01 4 .020 . 03 8 .06 5 .0 6 4 -
C . V . 1 8 . 5 1 3 . 0 18 . 7 1 8 . 6 22 .8 2 4 . 0 1 7 . 5 -
S .E .002 .002 .005 .007 . 01 3 . 02 3 . 02 6 —
V olu tion TS 1-2 2 -3 3 -4 4 -5 5 -6 6 -7 7 -8
N 9 9 9 9 9 4 i
M a x .  Value 9 3 . 1 7 1 . 4 5 1 . 8 5 1 . 4 4 6 . 0 4 0 . 8 3 1 . 6
M i n .  V alue 52 .8 3 6 . 3 3 6 . 2 32 .4 3 4 . 1 2 4 . 5 3 1 . 6
X 62 .3 5 2 . 7 42 .7 4 0 . 2 41 .2 3 3 . 4 -
S 1 3 . 5 1 0 . 5 5 . 0 5 . 6 4 . 0 7 . 1 -
C . V . 2 1 . 7 1 9 . 9 11 . 7 1 3 . 9 9 . 7 2 1 . 2 -
S . E . 4 . 5 3 . 5 1 . 7 1 . 9 1 . 3 3 . 5 -




Pseudofusulinella c f .  P. parvula Skinner r.nd Wilde 
Plate 1, f i g s . 12-18 
Table 5
Diagnosis
Shape: The shell is sm all, fusiform with bluntly pointed poles . The axis 
of co iling  is straight.
Size: Individuals of 4 to 5 .5  volutions range in length from 1.3  to 1 .8  
mm and .6 to 1 .0  mm in width.
Half Length: The mean half lengths for the first four volutions are: .1 2 /3 ,  
. 2 7 /3 ,  .5 4 /3 ,  and .8 3 /3  mm.
Radius Vector: The average radius vectors for three specimens for volu ­
tions one through five  are: . 08 ,  . 13 ,  . 21 ,  . 29 ,  and .42 -mm resp ect iv e ly .
W all: The spirotheca is com posed o f  tectum and diaphanotheca and is of 
even con s is ten cy .  Heavy epithecal deposits are found above the tectum 
in all volutions but are more dense in the earlier ontogenetic s tages . The 
mean protheca th icknesses  for the first through fifth volutions are: 9 . 9 / 3 ,  
1 4 . 5 / 3 ,  2 2 . 2 / 3 ,  2 7 . 8 / 2 ,  and 3 3 .0 /3  microns.
Chomata: Chomata are developed on all volutions including the proloculus, 
and are asymmetrical to rounded. The chomata on the inner volutions are 
continuous with thick epithecal deposits  on the tectum. They vary in
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height from o n e -h a l f  to  th re e - fo u rth s  that o f  the ch a m b ers .  Secondary  d e ­
p o s its  that arch  ov er  the tunnel b e tw een  chom ata w ere  observ ed  but are 
uncom m on.
A xia l D e p o s i t s :  Not p re s e n t .
Tunnel: The tunnel is  w id e  in com p a rison  w ith  the s iz e  o f  the t e s t ,  and 
fo l lo w s  a straight to  s l ig h t ly  irregular path . In one  s l igh tly  ob lique  
sagitta l s e c t i o n ,  the tunnel h eight appeared  l o w ,  l e s s  than half that o f  
the ch a m b ers .  M ean tunnel w id th s  for  the p ro lo cu lu s  through the fifth  
vo lu tion  are: . 0 3 / 2 ,  . 0 4 / 3 ,  . 0 6 / 3 ,  . 1 0 / 3 ,  , 1 6 / 3 ,  and .2 0 /2  mm.
Septa: The septa  are e s s e n t ia l ly  p lanar throughout the sh e l l  with on ly  a 
trace  o f  fo ld in g  at the p o l e s .  Septa l cou n ts  fo r  on e  spec im en  for  the 
f irst  three v o lu t io n s  are: 1 2 ,  1 6 ,  and 17 s u c c e s s i v e l y .
Form Ratio: The form ra t io s  are s m a l l ,  w ith  mean va lu es  for three s p e c i ­
mens of: 1 .22  , 1 .66  , 1 .9 0  , 1 .8 7  , and 1 . 8 1  for v o lu t ion s  one through 
f iv e  r e s p e c t iv e ly .
T ightness  o f  Spire: The t e s t  is  e v e n ly  and com p a ra t iv e ly  tightly  c o i l e d .  
The percent in cr e a se  o f  s u c c e s s i v e  v o lu t io n s  d e c r e a s e s  con tin u ou s ly  
from the f irs t  v o lu t i o n , w ith  mean v a lu e s  o f:  7 6 . 3 ,  5 5 . 6 ,  4 3 . 9  , and 
44 .0 p ercen t .
P ro locu lus : The in itia l  cham ber is  sm all w ith  mean v a lu es  for the maximum
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and minimum outside diameters of 93.3 and 90.0  microns.
D iscussion
Pseudofusulinella c f .  P. parvula Skinner and W ilde from the 
Alaska Range differs in several respects from the middle Wolfcampian 
species  from the McCloud Limestone in northern California (Skinner and 
W ild e ,  1965,  p.  33).  P. parvula Skinner and W ilde is slightly larger 
and has 1.5  more volutions in the adult shell .  The wall is apparently 
thicker in the fifth vo lu tions .
The Alaskan species  is one of the smallest spec ies  of Pseudo­
fusulinella known, and aside from the a bove , does not resemble any 
other described s p e c ie s .  The slight variations and small sample of this 
sp ec ies  leaves some doubt as to its proper designation .
Occurrence and Material
Pseudofusulinella c f . P_. parvula Skinner and Wrilde was found 
only in sample RC-13 in Zone B o f  the Alternating Limestone-Shale 
Member. Its association  in this sample with the first appearance of 
Schwagerina ca llosa  (Rauser-Chernousova) suggests a middle to  late 
Sakmarian age.
The description is based on one sagittal and three axial sect ion s .












T a b l e  5 .  R e g r e s s i o n  A n a l y s i s  f or  P s e u d o f u s u l i n e l l a  c f .  P.  parvula
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
N r 12 12 12 12
XRX . 397 . 192 . 192 1 8 . 5 8 3
X 
1
. 192 . 397 1 8 . 5 8 3 . 192
SRX .247 .116 . 11 6 8 . 7 3 4
SRY
. 11 6 . 247 8 . 7 3 4 . 116
r . 80 6 . 8 0 6 . 852 .852
K . 377 1 . 7 2 6 6 4 . 4 2 4 . 011
s , E - k . 087
. 400 12 . 526 . 002
b . 042 . 067 6 . 2 4 1 -  . 018
S . E .  . e s t . . 072 . 153 4 . 7 9 8 . 06 3
CT>N3
C a ta log u e  Numbers
UA2029 through UA2032 .
Subfamily S ch w a g e r in in a e  D unbar and H e n b e s t ,  1930 
G en u s  S ch w a g e r in a  v o n  M o l l e r ,  1877
S ch w a ger in a  c f . S_. em a cia ta  (B e e d e ) ,
P la te  2 , f ig s  . 6 -1 8  
T a b le s  6 and 7
C f . Schw agerina  em a c ia ta  (B e e d e ) , F orb es  and M cG u g a n , 1959 , p .  4 0 ­
43 , Plate 1 ,  f ig s  . 1 -7  .
C f .  Schw agerina c f .  S . e m a c ia ta  (B e e d e ) , F o r b e s ,  1960,  p .  2 i 9 ,  P late 
3 3 ,  f i g s .  1 2 - 1 5 .
D ia g n o s is
Shape: The te s t  is  fu s i fo rm  w ith  b lu n t ly  rounded  to  b luntly  p o in te d  p o l e s .  
The a x is  o f  c o i l in g  is  s t r a ig h t .
S iz e :  This s p e c i e s  is  a sm a ll  r e p r e s e n ta t iv e  o f  the genus  and mature
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individuals range in length from 2 .6  to 4 .3  mm, and from 1 .3  to 1 .6  mm 
in width.
Number of Volutions: Specimens which are considered mature have 4 .5  
to 5 .5 v o lu t ion s .
Half Length: The mean half lengths for volutions one through five are: 
.1 4 /1 4 ,  . 3 4 /1 4 ,  . 6 6 /1 4 ,  1 .1 0 /1 1 ,  and 1 .6 0 /5  mm.
Radius Vector: Mean va lues  for radius vector are: . 1 1 /4 ,  .1 8 /1 4 ,
.2 8 /1 4 ,  . 4 4 /1 2 ,  and .6 0 /5  mm for volutions one through f ive  re sp e c ­
t ive ly .
W all: The spirotheca is  com posed of tectum and keriotheca of moderate 
texture. A lveo li are not apparent in the protheca until volution two or 
three. Epithecal deposits  occur irregularly, but are heaviest on the t e c ­
tum o f inner vo lu tion s . The average thickness of the protheca in volutions 
one through five  is: 1 3 . 2 / 1 4 ,  19 ,.6 /14 , 2 6 .7 /1 4 ,  3 9 . 5 / 1 0 ,  and 6 6 .6 /4  
m icrons.
Chomata: Small chomata are common on the proloculus and first volution. 
Pseudochomata are present on the succeeding 1 .5  vo lutions. Secondary 
deposits  apparently originating in the vicinity o f the pseudochomata may 
arch over the tunnel but this characteristic is not always present.
Axial D eposits : Light ax ia l filling is restricted to the first two or three
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chambers in most specim ens. Small lo ca l ized  heavier deposits may occur 
in the polar region where opposing volutions meet.
Tunnel: The tunnel is narrow and has an irregular path. It is w ell defined 
only when bordered by chomata or pseudochomata in the juvenarium. 
Tunnel height is very low , le ss  than half that o f the chambers. Mean 
values for tunnel width for the proloculus through the fourth volution are: 
. 0 4 /1 3 ,  .0 6 /1 3 ,  .1 0 /1 2 ,  .1 5 /9 ,  and .2 4 /4  mm.
Septa: The septa are thick and strongly, but irregularly, fluted from pole 
to p o le .  Some of the higher arches commonly are in contact with the base 
o f succeeding vo lutions. Arches are generally rounded with semi-parallel 
s id e s .  Secondary deposits are commonly found as infillings of septal 
lo o p s ,  particularly in the early volutions. The average septal count in 
the first volution of two specimens is e ight. Volutions two through four 
in one individual contain 15, 16, and 21 septa respective ly .
Form Ratio: Mean values for form ratio for the first through fifth volutions 
are: 1 . 2 7 / 1 4 ,  1 .89 /14 , 2 . 3 2 / 1 4 ,  2 .58 /1 1  , and 2 .6 8 /5  mm respectively .
Tightness o f  Spire: The test is rather lo o se ly  co i led  and expansion is 
regular. The mean percent increase o f volutions one through four is; 
6 3 . 5 / 1 4 ,  5 8 . 5 / 1 4 ,  5 4 . 2 / 1 2 ,  and 6 4 . 5 / 5 .
Proloculus: The proloculus is o f  medium s ize  but is a variable character 
in this s p e c ie s .  Mean values for the maximum and minimum outside
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diameter are 135 .0 /1 4  and 1 1 8 .2 /1 4  microns.
D iscussion
Schwagerina c f . S_. emaciata compares c lo s e ly  to S_. sp .  A in 
growth rate and some other parameters but is distinguished from that 
species  by its fewer number o f volutions, significantly smaller diameter 
of the outer volutions, and its thinner protheca in the outer volutions. 
Unfortunately, sagittal sections were not available for comparison of 
septal counts. Similarity in growth is a lso  indicated between c f .  S . 
emaciata and j3. pseudokaragasensis n . s p . and S_. rowetti n . s p . by 
regression analysis for the variable RV and HL (Tables 6 , 8 ,  and 12).  S_. 
c f .  S_. emaciata differs from the former species  in having fewer vo lutions, 
more irregular fluting, and larger values for form ratio in the outer v o lu ­
tions. S_. rowetti is larger than this sp e c ie s ,  has a thicker protheca in 
the outer volutions, and has a different style o f septal fluting.
This spec ies  agrees in general with some of the many descriptions 
of Sji emaciata (Beede) but differs from most of these in having fewer 
volutions, shorter length, and a greater mean protheca thickness in the 
last (fifth) volution . Due to the great variety o f forms described as S . 
emaciata (Beede) and its apparent widespread distribution, there is  some 
doubt as to the exact designation of the present sp e c ie s .  It is probably 
most c lo s e ly  related to the forms described by Forbes and McGugan (195 9) 
from Wapiti Lake in British Columbia, and by Forbes (1960) from the Lower












T ab l e  6 .  R e g r e s s i o n  A n a l y s i s  f o r  S c h w a ge r i n a  c f .  S .  e ma c i a t a  (Beede)
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
n r 55 55 55 55
S
1 X . 582 . 259 . 25 9 2 6 . 4 1 8
XRY .25 9 .582 2 6 . 4 1 8 . 25 9
SRX
. 469 . 175 . 175 1 6 . 6 2 3
SRY . 175 .469 1 6 . 6 2 3
. 175
r . 9 5 6 .95 6 . 902 . 902
K . 3 5 7 2 . 5 6 1 8 5 . 6 9 6 . 01 0
S .E .015 . 108 5 . 6 5 0 . 001
b . 051 -  . 081 4 . 2 2 9 . 00 8













V olu t ion HL 1 2 3 4 5 6
N 14 14 14 11 5 1
M a x .  Value .276 . 7 1 8 1 . 217 1 . 8 9 6 1 . 9 4 5 2 .  125
M i n .  V alue .092 . 2 1 3 .390 .705 1 . 328 2 . 125
X . 13 8 .342 . 6 5 6 1 . 0 9 5 1 . 6 0 4 -
S .052 . 143 . 22 8 . 33 7 . 30 4 -
C . V . 3 7 . 7 4 1 . 8 3 4 . 8 3 0 . 8 1 8 . 9 -
S .E . 014 . 0 3 8 .061 . 102 .136 —
V olu tion RV 1 2 3 4 5
N 14 14 14 12 5
M a x .  Value . 174 . 33 4 . 573 . 97 9 . 6 9 8
M i n .  V alue . 074 . 127 . 193 .309 . 525
X . 107 . 176 . 282 .435 . 60 0
S . 025 .052 .097 . 180 .064
C . V . 2 3 . 7 2 9 . 4 3 4 . 2 4 1 . 3 1 0 . 7
S . E .007 . 01 4 . 02 6 . 052 .029
V o lu t ion P ro .  M in . P r o . M a x .
N 14 14
M a x .  Value 1 6 0 . 6 1 8 1 . 0 T a b le  7 , Part 1. O b s e r v e d  V aria tion  in
M i n .  V alue 8 3 . 1 9 7 . 4 S ch w a g e r in a  c f .  S .  em a c ia ta
X 1 1 8 . 2 135 .0
S 22 .9 2 6 . 8
C . V . 1 9 . 3 1 9 . 8
S .E 6 . 1 7 . 2
V o lu t io n FR 1 2 3 4 5
N 14 14 14 11 5
M a x .  Value 1 . 5 9 2 .43 2 .68 2 .87 3 . 3 7
M i n . V alue .92 1 . 3 9 1 . 7 1 1 . 9 4 2 .24
X 1 . 2 7 1 . 9 0 2 . 3 2 2 . 5 8 2 . 68
S .22 . 3 0 .32 .31 .47
C . V . 1 7 . 3 1 6 . 0 1 3 . 6 1 2 . 2 1 7 . 5












V olu tion PT 1 2 3 4 5
N . 14 14 14 10 4
M a x .  V alue 2 0 . 4 3 6 . 9 5 1 . 2 6 4 . 9 8 3 . 6
M i n .  V alue 8 .3 1 0 . 5 1 7 . 6 2 7 . 5 5 0 . 6
X 1 3 . 2 1 9 . 8 2 6 . 7 3 9 . 5 6 6 . 6
S 3 . 5 6 . 4 9 . 3 1 1 . 3 1 8 . 1
C . V . 2 6 . 6 3 2 . 1 3 4 . 8 2 8 . 6 2 7 . 2
S .E .9 1 . 7 2 . 5 3 . 6 9 . 1
V o lu t ion TW 0 1 2 3 4 5
N 13 13 12 9 4 1
M a x .  V alue .062 .111 . 22 8 . 207 . 30 4 .423
M i n .  V alue . 020 .041 . 05 9 . 103 .190 . 423
X . 03 8 . 05 8 . 096 . 149 .235 -
S .012 . 01 8 . 044 . 02 9 .052 -
C . V . 3 1 . 2 3 1 . 5 45 .7 1 9 . 8 2 2 . 3 -
S ,E . . 003 . 005 . 01 3 . 010 . 02 6 —•
V olu t ion TS 1-2 2 - 3 3 -4 4 -5
N 14 14 12 5
M a x .  V alue 92 .0 7 1 . 6 7 0 . 7 7 0 . 6
M i n .  V alue 4 1 . 7 4 7 . 5 42 .5 5 2 . 0
X 6 3 . 5 5 8 . 5 5 4 . 2 6 4 . 5
S 1 1 . 4 8 . 1 7 . 0 7 . 5
C . V . 1 8 . 0 1 3 . 8 12 .9 1 1 . 7
S . E . 3 . 1 2 . 2 2 . 0 3 . 4




Permian o f  S p itsberg en .
O ccu rre n c e  and M ateria l
Schw agerina  c f .  S . em aciata  o c c u r s  in sa m p les  R C -1 0  and RC-11 
from Zon e  B o f  the Alternating L im eston e -S h a le  M em ber . Similar forms 
o c c u r  in Low er Permian ro ck s  in British C olum bia  and S p itsberg en .
The d e s cr ip t io n  is  b a sed  on tw e lv e  a x i a l ,  o n e  o b l iq u e ,  and two 
sa g itta l  s e c t i o n s .
C a ta log u e  Numbers
UA2 033 through UA2 0 49 .
Schw agerina  p s e u d o k a ra g a se n s is  P e t o c z ,  n .  s p .
Plate 1 ,  f ig s  . 19 -26  
T a b les  8 and 9
D ia g n o s is
Shape: The te s t  is  fusiform  with broad ly  rounded to  b lu n tly  po in ted  p o le s .
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The axis of coiling is straight. The first volution is low and subg lobose . 
Succeeding volutions are fusiform but the overall shape of the entire test 
is determined early in the ontogeny.
Size: Mature individuals of 7 to 7 .5  volutions range in length from 4 .8  
to 7 mm, and in width from 2 .4  to 2 .7  mm.
Number o f  Volutions: Only two o f eight specimens possess  le ss  than 
seven volutions; these have five  and six  volutions.
Half Length: The mean values for the first through seventh volutions are: 
.1 8 /8 ,  . 3 7 /8 ,  .5 8 /8 ,  . 9 2 / 8 ,  1 . 5 6 / 8 ,  2 .3 7 /8 ,  and 3 .2 2 /6  mm.
Radius Vector: The means of the radius vectors for volutions one through 
seven are: . 12 /8  , . .  18/8  , . 2 8 / 8 ,  . 4 2 /8 ,  .6 3 /8 ,  .9 2 /7 ,  and 1 .3 4 /4  mm.
Wall: The spirotheca is  com posed of a thin tectum and moderately coarse 
keriotheca. The protheca is thin in the juvenarium and the wall texture 
usually cannot be seen in the first 1 to 1 .5  volutions. Epithecal deposits  
are irregularly present on the early volutions. The mean values for pro­
theca thickness for the first through seventh volutions are: 1 2 , 8 / 8 ,  
1 8 . 1 / 8 ,  2 6 . 2 / 8 ,  4 4 . 0 / 7 ,  5 8 . 9 / 8 ,  7 3 . 5 / 7 ,  and 8 8 .2 /3  microns.
Chomata: Chomata are present on the proloculus and the first 1 to 1 .5  
volutions. Pseudochomata are irregularly present on the succeeding two 
volutions. Secondary deposits  which apparently are associated  with these
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structures commonly occur in an arch above the tunnel in the first three 
vo lutions.
Axial Deposits: Light secondary deposits  occur within the juvenarium. 
Local heavy patches o f axial filling occur along the axis of coiling in 
the polar area of v o lu t ion s .
Tunnel; The tunnel is narrow and low , generally le s s  than half the 
chamber height. The tunnel path is  slightly irregular and w ell defined 
only in the early volutions which p o sse ss  pseudochom ata. Mean values 
of tunnel width from the proloculus through the fifth volution inclusive 
are: .0 4 /8 ,  .0 6 /8 ,  . 0 9 /7 ,  . 1 4 /7 ,  . 2 3 /5 ,  and .4 4 /2  mm.
Septa: The septa are regularly and intensely fluted from pole to pole .
The fluting is high and commonly occup ies  the tunnel path in the outer 
volutions. Mean septal counts from the first through the sixth volutions 
are: 9 . 0 / 3 , 1 4 . 3 / 3 ,  1 7 . 3 / 3 ,  1 9 . 0 / 3 ,  2 0 . 0 / 2 ,  and 2 5 . 0 / 1 .
Form Ratio: The calculated means for form ratio from the first through the 
seventh volutions are; 1 . 5 1 / 8 ,  1 , 9 8 / 8 ,  2 . 1 1 / 8 ,  2 . 2 1 / 8 ,  2 , 4 9 / 8 ,  2 . 5 8 / 7 ,  
and 2 .4 5 /4  respective ly .
Tightness of Spire: The test is evenly coiled  and expands regularly in most 
specim ens. The mean values for percentage increase of each volution are: 
5 5 . 7 / 8 ,  4 9 .3 /8 ,  5 1 . 6 / 8 ,  5 0 . 8 / 8 ,  5 1 . 1 / 7 ,  and 5 2 . 7 / 4 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
73
Proloculus: The proloculus is small with an average maximum and mini­
mum outside diameter o f 1 4 6 .3 /7  and 1 3 3 .6 /7  microns resp e c t iv e ly .
D iscussion
The similarities in growth between Schwagerina pseudokaragasen-  
sis n. sp . , S_. c f . S_. em aciata , S . rowetti n. sp .  , and S_. sp .  A have 
been previously considered  in the d iscu ss ion  under S_ . c f . S_ .  em a cia ta .
S, pseudokaraga se n s is  is smaller, has a thinner protheca in the outer 
volutions, and a different style o f septal fluting than S_. row etti . S . sp .
A is longer and has a thinner protheca in the outer vo lu t ion s .
S . pseudokaraqasensis is  very similar to S_. karagasensis  (Rauser- 
Chernousova) from the Upper Sakmarian o f the southern Urals in the 
U . S . S . R .  (Rauser-Chernousova, 1940,  1965) .  The two s p e c ie s  compare 
c lo se ly  in most measured parameters but j5. karagasensis differs in its 
thicker protheca in the first four volutions, larger diameters o f  the inner 
volutions, and general absence  o f  axial d ep os its .  Septal counts were 
omitted in the descr iptions  of S_. karagasensis . S . pseudokaraqasensis  
is a lso  similar to  some forms of S_. plicatissima (Rauser-Chernousova) 
and S_. vem euili  (M oller ) , a lso  from the Sakmarian o f the southern U rals , 
in shape o f the te s t  and style o f  septal fluting.
Occurrence and Materials
Schwagerina pseudokaraqasensis n. sp .  occurs  in samples RC-8












T a b l e  8 .  R e g r e s s i o n  A n a l y s i s  f or  Sc h wa g e r i na  p s e u d o k a r a g a s e n s i s
S e l e c t i o n  RV/HL HL/RV ^T/RV  RV/PT
n r 48 48 48 48
XRX 1 . 0 7 9 . 45 8 . 45 8 4 0 . 0 5 8
XRY . 458 1 . 0 7 9 4 0 . 0 5 8 . 45 8
SRX . 935 . 350 . 35 0 2 5 . 5 3 7
SRY
. 350 . 935 25 . 537 .350
r .983 .983 . 90 9 . 909
K . 368 2 . 62 8 6 6 . 3 6 3 .013
s . e . k . 010 . 073 4 . 4 8 3 .001
b .061 -  . 123 9 . 6 9 3 -  . 041












V olu tion HL 1 2 3 4 5 6 7 8
N 8 8 8 8 8 8 6 1
M a x .  Value .279 . 6 1 3 .853 1 . 3 4 2 2 . 266 2 . 7 0 6 3 . 7 1 6 3 . 4 9 6
M in .  Value .138 .269 .443 . 70 5 1 . 1 1 5 1 . 7 8 1 2 . 4 1 1 3 . 4 9 6
X . 178 .367 .581 .921 1 . 557 2 . 3 7 3 3 . 2 2 2 -
S .050 . 11 6 .161 . 222 . 372 . 3 7 8 . 525 -
C . V . 2 7 . 9 3 1 . 6 27 .7 2 4 . 0 2 3 . 9 1 5 . 9 1 6 . 3 -
S . E . . 01 8 .041 .057 . 0 7 8 .132 . 13 4 .2 14 —
V olu t ion RV 1 2 3 4 5 6 7
N 8 8 8 8 8 7 4
M a x .  Value . 156 . 23 9 . 373 . 53 0 . 7 8 3 1 . 1 6 5 1 .47 0
M i n .  Value . 08 6 . 129 . 198 . 3 1 0 . 4 5 3 .663 1 .221
X . 11 8 . 184 . 2 7 6 .417 . 6 3 0 . 915 1 . 344
S . 021 . 034 . 05 8 . 081 . 129 . 16 6 . 111
C . V . 1 7 . 4 1 8 . 4 2 0 . 9 1 9 . 4 2 0 . 5 1 8 . 2 8 . 3
S . E .007 .012 . 020 . 029 . 0 4 6 . 0 6 3 . 056
V o lu t ion P r o . M i n . P ro .  M a x .
N 7 7
M a x .  Value 1 7 0 . 5 1 7 2 . 7 T a b le  9 , Part 1. O b s e r v e d  V aria tion  in
M i n . V alue 9 8 . 5 1 2 0 . 5 S ch w a g er in a  p s e u d o k a r a g a s e n s is
X 1 3 3 . 6 1 4 6 . 3
S 2 3 . 8 1 8 . 9
C . V . 1 7 . 9 1 3 . 0
S . E . ^ 9 . 0 7 . 2
V o lu t ion FR 1 2 3 4 5 6 7
N 8 8 8 8 8 7 4
M a x .  Value 2 .0 0 2 . 5 7 2 . 66 2 . 7 1 2 .95 3 . 0 1 2 . 58
M i n .  Value 1 .1 9 1 . 5 8 1 .71 1 . 55 1 .72 2\ 20 2 . 30
X 1 .51 1 . 98 2 . 1 1 2 . 2 1 2 . 49 2..58 2 .45
S .31 .37 .3 3 .3 3 .3 8 .31 . 12
C . V . 2 0 . 7 1 8 . 6 1 5 . 5 1 4 . 9 1 5 . 4 1 2 . 0 4 . 7












V olu tion PT 1 2 3 4 5 6 7
N 8 8 8 7 8 7 3
M a x .  V alue 1 8 . 7 2 3 . 1 35 .2 7 1 . 0 72 . 1 1 0 2 . 4 1 0 0 . 7
M i n .  V a lue 9 .4 1 2 . 7 2 1 . 5 2 9 . 2 4 0 . 2 6 0 . 5 7 1 . 5
X 1 2 . 8 18 . 1 2 6 . 2 4 4 . 0 5 8 . 9 7 3 . 5 8 8 . 2
S 3 . 0 3 . 4 4 . 6 1 3 . 9 1 3 . 6 1 3 . 5 1 5 . 0
C . V . 2 3 . 5 1 9 . 0 17 .7 3 1 . 6 2 3 . 1 1 8 . 3 17 .1
S , E . 1 . 1 1 . 2 1 . 6 5 . 3 4 . 8 5 . 1 8 . 7
V o lu t ion TW 0 1 2 3 4 5 6
N 8 8 7 7 5 2 1
M a x .  V alue . 0 5 0 .085 . 1 2 6 . 178 . 35 6 .615 . 36 8
M in .  V alue . 025 . 0 4 6 . 08 0 . 111 . 18 3 . 260 . 36 8
X . 04 0 .062 .094 . 13 6 .232 . 437 -
S . 00 8 . 012 . 016 . 0 2 3 .071 .251 -
C . V . 20 .8 19 . 1 1 6 . 9 17 .1 3 0 . 7 5 7 . 4 -
S - E ‘ X . 0 0 3 . 00 4 . 0 0 6 . 00 9 . 03 2 . 177
V olu tion TS 1-2 2 -3 3 -4 4 -5 5 - 6 6 -7
N 8 8 8 8 7 4
M a x .  V alue 67 .9 5 7 . 9 6 1 . 7 5 8 . 5 7 3 . 5 5 7 . 2
M in .  V alue 4 9 . 2 3 9 . 9 42 .2 3 4 . 6 4 3 . 1 4 8 . 7
X 5 5 . 7 4 9 . 3 5 1 . 6 5 0 . 8 5 1 . 1 5 2 . 7
S 6 . 7 6 . 6 5 . 9 9 . 9 1 0 . 5 3 . 7
C . V . 12 .1 1 3 . 3 1 1 . 5 1 9 . 6 2 0 . 5 7 . 0
S . E . 2 . 4 2 . 3 2 . 1 3 . 5 4 . 0 1 . 8
T ab le  9 ,  Part 2 . O b s e r v e d  V aria tion  in S ch w a g e r in a  p s e u d o k a r a g a s e n s is
O')
77
and R C -9  from Z on e  B o f  the Alternating L im eston e -S h a le  M em ber.
The d e s c r ip t io n  is  b a s e d  on e ight a x ia l  and three sag itta l s e c t i o n s .
C ata logu e  Numbers
H o lo ty p e ,  UA2056; p a ra ty p e s ,  UA2050 through UA2055,  and UA2057 
through U A 2060 .
Schw agerina  s p .  A 
P late 2 , f ig s  . 1 -5  
T a b les  10 and 11
D ia g n o s is
Shape: The te s t  is  irregularly fusiform  with  broad ly  rounded to  b luntly  
pointed  p o l e s .  The f irs t  vo lu t ion  is  sm a ll ,  round to  s u b g lo b o s e .  S u c ­
ce e d in g  vo lu t ion s  are in fla ted  fusiform  and b e co m e  p r o g r e s s iv e ly  ex ten d ed  
through the fourth vo lu t ion  w hen the gen era l  form o f  the adult  sh e l l  is  
determ ined . The a x is  o f  c o i l in g  is  s tra ight .
S ize :  The te s t  is  o f  m oderate s i z e  and s p e c im e n s  o f  5 .5  to 7 v o lu t io n s
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range in length  from 4 .3  to  7 .4  mm, and from 1 .8  to  2 . 8  mm in w id th .
Number o f  V olutions: Adult in d iv id u a ls  p o s s e s s  f i v e  to  s e v e n  v o lu t io n s .  
The outerm ost vo lu t ion  w a s  com m on ly  e r o d e d ,  o f t e n  making it im p o s s ib le  
to  take  m easurem ents .
H alf  Length: M ean v a lu es  o f  h a lf  length  fo r  the f ir s t  through s ix th  v o lu ­
t io n s  are: . 1 4 / 8 ,  . 3 3 / 8 ,  . 6 1 / 8 ,  1 . 0 6 / 7 ,  1 . 6 9 / 7 ,  and 2 . 6 6 / 4  mm.
Radius Vector : M ean radius v e c t o r s  fo r  v o lu t io n s  on e  through s ix  are: 
. 1 1 / 8 ,  . 1 8 / 8 ,  . 2 8 / 8 ,  . 4 4 / 7 ,  . 7 3 /7  , and 1 . 1 2 / 3  mm r e s p e c t i v e l y .
W a l l :  The sp irotheca  is  c o m p o s e d  o f  tectu m  and a c o m p a ra t iv e ly  f i n e -  
textured  k e r io th e ca .  H eavy  e p i th e c a l  d e p o s i t s  co m m o n ly  o c c u r  a b o v e  the 
te c tu m . The protheca  in c r e a s e s  ra p id ly  in t h i c k n e s s  w ith  mean v a lu e s  
from the f irs t  through s ixth  v o lu t io n s  o f :  1 4 . 9 / 8 ,  1 9 . 9 / 8 ,  2 9 . 2 / 7 ,  
4 9 . 3 / 7 ,  7 4 . 2 / 7 ,  and 9 9 . 2 / 3  m icron s  r e s p e c t i v e ly .
C hom ata: Rudimentary chom ata  are presen t on  the  p r o lo c u lu s  and the f irst  
2 to  2 .5  v o lu t io n s .  W e l l  d e v e lo p e d  p se u d o ch o m a ta  are  p re se n t  a s  a th ick ­
en ing o f  septa  a d ja cen t  to  the tunnel in the s u c c e e d in g  tw o  v o l u t i o n s . 
P seu doch om ata  are g en era l ly  a b s e n t  in the ou ter  v o lu t i o n s .
A x ia l  D e p o s i t s :  Very l ight  s e c o n d a r y  d e p o s i t s  are p re se n t  in the v o lu t ion s  
o f  the juvenarium . Small d is c o n t in u o u s  d e p o s i t s  com m on ly  o c c u r  a long  
the a x is  in the polar r e g io n s .
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Tunnel: The tunnel is  generally  w e ll  defined and has a straight to slightly 
irregular path. Mean va lues  for tunnel width are: . 0 3 / 8 ,  . 0 6 / 8 ,  . 1 0 /8 ,  
. 1 7 /7 ,  and .2 9 /3  mm for the proloculus through the fourth volution .
Septa: The septa are rather thick and strongly but irregularly folded along 
their entire lengths . Septal loop s  may extend across  the tunnel path, 
particularly in the outer v o lu t io n s .  Sagittal sections  were not available 
for this s p e c i e s .
Form Ratio: Mean values o f  form ratio for the first through sixth volutions 
are: 1 . 3 2 / 8 ,  1 . 8 4 / 8 ,  2 . 1 9 / 8 ,  2 . 3 7 / 7 ,  2 . 3 3 / 7 ,  and 2 . 5 6 / 3 .
Tightness o f Spire: The juvenarium is more tightly co i led  than the rest 
of the shell but expands abruptly in the fourth volution and becom es more 
elongate . The mean percent increase  of each volution beginning with com ­
puted values for volutions one and two are: 6 7 . 5 / 8 ,  5 6 . 2 / 8 ,  5 9 .2 /7  , 
6 4 . 4 / 7 ,  5 1 . 9 / 3 .
Proloculus: The initial chamber is small with mean values for the maxi­
mum and minimum outside diameter o f 1 1 9 .4 /8  and 1 0 9 .3 /8  microns.
D iscu ss ion
Distinguishing ch aracter ist ics  have been referred to previously 
for Schwagerina sp .  A , S_. c f .  S_. em aciata , and S_. pseudokaraqasensis













T a b l e  10.  R e g r e s s i o n  A n a l y s i s  f or  S ch w a ge r i n a  s p .  A
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
n r 40 40 40 40
s
IX . 901 .394 . 394 4 1 .  125
X RY .394 . 901 4 1 .  125 . 39 4
SRX
i
. 82 6 . 3 0 3 . 30 3 27 . 914
SRY •’ . 303 . 8 2 6
2 7 . 9 1 4 . 303
r .967 . 967 . 967 . 967
K .354 2 . 637 8 9 . 0 4 8 . 011
S . E . ^ .015 . 11 3 3 . 8 2 7 .001
b .074 -  . 136 6 . 0 8 9 -  . 0 3 8














V olu tion HL 1 2 3 4 5 6
N 8 8 8 7 7 4
M a x .  Value .213\ . 453 .827 1 . 6 3 3 2 . 335 3 . 5 7 5
M in .  V alue . 108 ' . 203 . 34 8 . 679 1 .174 2 . 0 0 4
X . 141 ' . 327 .609 1 . 0 5 8 1 . 694 2 . 66 0
S . 033 . 09 3 . 155 . 322 . 401 . 6 6 6
C . V . 2 3 . 1 2 8 . 3 2 4 . 4 3 0 . 4 2 3 . 7 2 5 . 0
S . E . x .011 .033 .055 . 122 .151 . 333
V o lu t ion RV 1 2 3 4 5 6 7
N 8 8 8 7 7 2 1
M a x .  Value . 142 .202 .329 . 5 4 6 . 85 9 1 . 19 0 1 .501
M i n .  V alue .087 . 146 .220 . 3 6 8 . 63 4 1 . 0 4 0 1 .501
X . 107 .177 . 276 . 4 4 3 . 7 2 6 1 . 1 1 8 -
S . 01 8 . 01 8 .037 . 06 0 . 077 . 075 -
C . V . 1 6 . 5 10 . 1 1 3 . 5 1 3 . 6 1 0 . 6 6 . 7 -
S . E . . 00 6 . 0 0 6 . 01 3 . 02 3 . 0 2 9 . 04 3 —
V olu t ion Pro. M i n . P ro .  M a x .
N 8 8
M a x .  Value 1 0 9 . 3 1 4 3 . 6 T a b le  11 , Part 1. O b s e r v e d  V aria tion  in
M i n .  Value 95 .7 105 .6 S ch w a ger in a s p . A
X 1 0 9 . 3 1 1 9 . 4
S 12 . 1 12 .4
C . V . 1 1 . 0 1 0 . 4
S . E . x 4 . 3 4 . 4
V o lu t io n FR 1 2 3 4 5 6
N 8 8 8 7 7 3
M a x .  V alue 1 .52 2 . 3 7 2 .62 3 . 4 5 3 . 0 6 3 . 0 0
M i n .  Value 1 .0 5 1 .25 1 .49 1 . 7 0 1 . 8 2 2 . 3 2
X 1 . 32 1 .84 2 . 1 9 2 . 3 7 2 . 3 3 2 . 5 6
S .18 .42 .45 . 5 8 . 49 . 38
C . V . 1 3 . 5 2 3 . 0 2 0 . 4 24 .5 2 0 . 9 1 4 . 9












V olu tion PT 1 2 3 4 5 6
N 8 8 7 7 7 3
M a x .  V alue 24 .8 2 8 . 1 3 7 . 4 7 3 . 7 8 7 . 5 102 .4
M i n .  Value 11 .0 1 3 . 2 2 3 . 1 4 0 . 2 6 4 . 9 9 6 . 3
X 14 .9 1 9 . 9 2 9 . 2 4 9 . 3 7 4 . 2 9 9 . 2
S 5 . 1 5 . 4 6 . 6 1 2 . 8 8 . 0 3 . 1
C . V . 34 .2 2 7 . 2 2 2 . 7 2 6 . 0 10 .7 3 . 1
S . E . 1 . 8 1 . 9 2 . 5 4 . 8 3 . 0 1 . 8
V o lu t ion TW  0 1 2 3 4
N 8 8 8 7 3
M a x .  Value . 05 0 . 07 6 . 13 0 . 20 6 . 3 6 8
M in .  V alue . 024 .042 .071 . 117 . 2 1 8
X . 034 .059 . 100 . 171 .291
S . 00 8 .010 .019 . 031 . 07 5
C . V . 22 .4 1 6 . 6 1 8 . 8 1 7 . 9 25 .8
S . E .003 . 00 3 .007 . 012 . 0 4 3
V o lu t ion TS 1 -2 2 -3 3 -4 4 - 5 5 -6 6 -7
N 8 8 7 7 3 1
M a x .  Value 1 0 1 . 5 8 6 . 6 7 0 . 7 7 3 . 8 5 5 . 8 2 6 . 2
M i n . Value 4 1 . 7 4 3 . 8 50 .2 5 3 . 6 4 8 . 2 2 6 . 2
X 67 .5 5 6 . 2 5 9 . 2 6 4 . 4 5 1 . 9 -
S 2 0 . 0 13 . 1 7 . 2 8 . 1 3 . 8 -
C . V . 2 9 . 7 2 3 . 3 12 .2 12 .5 7 . 3 -
S . E . 7 . 1 4 . 6 2 . 7 3 . 0 2 . 2 -
T a b le  11 , Part 2 . O b s e r v e d  V aria tion  in S ch w a g er in a  s p .  A
ooCO
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n.  s p .  Although S_. s p .  A and S_. row etti  n .  s p .  have com parab le  growth 
rates (Tables 10 and 12) ,  S_. s p .  A has a thinner protheca in the outer 
v o lu t io n s ,  a sm aller  p r o l o c u lu s ,  and a shorter length o f  the fourth and 
fifth  v o lu t io n s .
A s p e c ie s  w a s  not fo rm a lly  d e s ig n a te d  as  sa g g ita l  s e c t i o n s  w ere  
not a v a i la b le  for  septa l c o u n t s .
O ccu rren ce  and M ateria l
Schwagerina s p .  A o c c u r s  in sam p les  R C -8 ,  R C - 9 ,  and R C -13  
from Z one B o f  the A lternating L im e sto n e -S h a le  M em ber.
The d e scr ip t io n  is  b a s e d  on one  o b l iq u e  and se v e n  a x ia l  s e c t i o n s .
C ata logu e  Numbers
UA2061 through U A 2069 .
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Schwagerina rowetti P e t o c z , n .  sp .
Plate 2 , f i g s . 19-27 
Tables 12 and 13
D iagnosis
Shape: The shell is fusiform with bluntly pointed p o le s .  Some specimens 
are slightly inflated in the area of the midplane. The axis o f  co iling  is 
straight.
Size: Specimens o f 5 .5  to 6 volutions range in length from 3.4  to 6 .0  
mm, and from 1 .4  to 2 .7  mm in w id th .
Number of Volutions: Individuals with f ive  volutions are considered adult. 
Five of the ten study specim ens have 5 .5  to 6 vo lu tion s .
Half Length: The mean half lengths for the first through sixth volutions 
are: .1 8 /9 ,  . 3 6 / 9 ,  . 6 5 / 9 ,  1 . 2 0 / 8 ,  1 . 9 4 /9 ,  and 2 .6 4 /5  mm.
Radius Vector: The means for radius v e c to r  for volutions one through six 
are: . 1 3 / 1 0 ,  .2 1 /1 0 ,  .3 1 /1 0  , .4 8 /1 0  , .7 7 /1 0  , and 1 .1 4 /6  mm re sp e c ­
t ive ly .
W all: The spirotheca is com posed o f tectum and a comparatively c o a rs e -  
textured keriotheca . The con s is ten cy  o f  the protheca is somewhat irregular 
and commonly appears thicker at the b a se  when in contact  with septal
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a rch es  o f  the p re ce e d in g  v o lu t io n .  A lv e o l i  are w id e ly  s p a c e d  and c lu b ­
s h a p e d .  The protheca  i s  th ick  in the outer ch a m b ers .  M ean p roth eca  
th ick n e s s  v a lu e s  for  v o lu t io n s  on e  through s ix  are: 1 5 . 1 / 1 0 ,  1 9 . 4 / 1 0 ,  
2 7 . 8 / 1 0 ,  4 9 . 6 / 9 ,  8 2 . 5 / 9 ,  and 1 0 4 . 6 / 2  m icro n s .
Chom ata: Rudimentary chom ata  are present on  the p ro lo cu lu s  and the 
f irst  one  or tw o  v o lu t i o n s .  Pseudochom ata  may be present a lo n g  the 
tunnel on s u c c e e d in g  cham bers  but are irregular in d ev e lop m en t  and d o  
not o c c u r  in the la s t  tw o  v o lu t io n s  o f  adult  s p e c im e n s .
A xia l D e p o s i t s :  S econ d a ry  d e p o s i t s  a long  the a x is  are a b se n t  or o c c u r  
o n ly  as  p o o r ly  d e v e lo p e d  d is co n t in u o u s  p a t c h e s .
Tunnel: The tunnel is  apparent in the ea r ly  v o lu t io n s  where it p o s s e s s e s  
a straight to  s l ig h t ly  irregular path . In one  sa g itta l  s e c t io n  the  tunnel 
height w as  abou t half that o f  the ch a m b e rs .  The w idth is  rather narrow 
w ith  mean v a lu e s  o f :  . 0 4 / 1 0 ,  . 0 6 / 1 0 ,  . 0 9 / 1 0 ,  . 1 7 / 8 ,  and . 2 3 / 4  mm for 
the p ro lo cu lu s  through the fourth v o lu t io n .
Septa: The septa  are s tron g ly  and regu larly  fluted  throughout the t e s t .  
Ind iv idua l s e p ta l  a r ch e s  are  h igh and b ro a d ,  w ith  c o n v e x  s i d e s .  Many 
appear  a s  sm a ll  eq u ila tera l  t r ia n g le s ,  part icu lar ly  in the outer v o lu t io n s .  
The a p e x  o f  the a rch e s  com m on ly  are in c o n ta c t  w ith  the s u c c e e d in g  cham ­
ber  and are c o a te d  w ith  s e c o n d a r y  d e p o s i t s .  Fluting com m on ly  d isrupts  
the tunnel path in outer v o lu t i o n s .  The se p ta l  cou n t  for  one s p e c im e n  for
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v o lu t io n s  one  through four is :  11 ,  15 , 2 2 ,  and 2 3 .
Form Ratio: M ean va lu es  for  form ratio  for  the f ir s t  through sixth  vo lu t ion s  
are: 1 . 3 8 / 9 ,  1 . 7 1 / 9 ,  2 . 1 5 / 9 ,  2 . 5 4 / 8 ,  2 . 5 5 / 9 ,  and 2 . 1 6 / 5 .
T igh tn ess  o f  Spire: The entire s h e l l  is  com p a ra t iv e ly  l o o s e l y  c o i l e d  with 
mean v a lu e s  fo r  percent ex p a n s ion  o f  s u c c e s s iv e  v o lu t io n s  of: 6 0 . 6 / 1 0 ,  
4 7 . 1 / 1 0 ,  5 4 . 3 / 1 0 ,  6 0 . 3 / 1 0 ,  and 4 9 . 5 / 6 .
P ro lo cu lu s :  The in it ia l  cham ber varies  c o n s id e r a b ly  in s i z e ,  ranging from 
1 3 0 . 9  to 2 3 8 . 7  m icrons in the maximum o u ts id e  d ia m e te r .  M ean v a lu es  
fo r  the maximum and minimum ou ts id e  diam eter are 1 7 2 . 0  and 1 67 . 4  
m ic r o n s .
D is c u s s io n
Schw agerina row etti n .  s p .  is  s im ilar in s h a p e ,  w a l l  t h i c k n e s s , 
and sep ta l  developm ent to severa l  forms o f  S_. u rd a len s is  (R auser- 
C hernousova) from the Sakmarian o f  the southern U ra ls  o f  the U . S . S . R .
The d is t in gu ish in g  criteria  b e tw een  S_. row etti  n .  s p .  and S . c f .  S . 
e m a c ia t a , S. p seu d ok a ra g a sen s is  n .  s p . , and S_. s p .  A h a ve  b een  p re ­
v io u s ly  d i s c u s s e d  under th e se  s p e c i e s .  The s p e c i e s  is  named for D r. 
C h arles  L . R ow ett, U n ivers ity  o f  A la s k a .












T a b l e  12.  R e g r e s s i o n  A n a l y s i s  for  S ch w a g er i na  r owet t i
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
n r
44 44 44 44
, 
a
1 X . 902 . 39 9 . 399 4 0 . 4 5 5
*RY . 39 9 .902 4 0 . 4 5 5
. 399
SRX . 766 .29 3 .29 3
3 1 . 8 5 4
SRY .293 . 76 6
3 1 . 8 5 4 . 293
r . 9 6 6 . 9 6 6 .932 .932
K . 370 2 . 52 4 1 0 1 . 3 2 3 .00 9
s . £ . k . 015 . 104 6 . 0 6 8 .001
b . 0 6 6 . 106 . 025 .052
S . E .  . e s t . . 077














V olu tion HL 1 2 3 4 5 6 7
N 9 9 9 8 9 5 1
M a x .  V alue . 2 5 6 . 502 . 81 3 1 . 4 0 1 2 .667 3 . 1 0 0 3 . 0 3 4
M in .  V alue . 112 . 249 . 47 6 . 784 1 . 237 2 . 152 3 . 0 3 4
X .182 . 3 6 0 .651 1 . 2 0 3 1 . 94 3 2 . 6 3 7 -
S . 056 . 091 . 12 8 . 208 .441 . 381 -
C . V . 30 .8 2 5 . 4 1 9 . 6 1 7 . 3 22 .7 1 4 . 4 -
S . E . 019 . 03 0 . 043 . 073 . 147 . 170 —
V olu t ion RV 1 2 3 4 5 6
N 10 10 10 10 10 6
M a x .  V alue . 182 .290 .439 .664 . 94 6 1 . 388
M i n .  V alue .085 . 147 . 21 0 .320 .505 . 695
X .133 .213 .314 .483 . 7 7 0 1 . 135
S . 02 9 .047 . 072 . 105 .151 . 265
C . V . 22 .1 22 .2 22 .9 2 1 . 7 1 9 . 6 2 3 . 3
S .E .009 .015 . 02 3 . 033 . 04 8 . 108
V o lu t ion P r o . M i n . Pro .  M a x .
N 9 9
M a x .  V alue 222 .8 2 3 8 . 7 T a b le  1 3 , Part 1 . O b s e r v e d  V a ria tion  in
M i n . V alue 1 2 4 . 3 1 3 0 . 9 S ch w a g er in a  ro w e tt i
X 167 .4 172 .0
S 2 7 . 0 3 0 . 4
C . V . 1 6 . 1 1 7 . 7
S . E . x 9 . 0 1 0 . 1
V o lu t ion FR 1 2 3 4 5 6
N 9 9 9 8 9 5
M a x .  V alue 1 .76 2 .03 3 .32 3 . 6 3 3 . 5 2 2 . 4 2
M i n .  V alue 1 .0 0 1 .31 1 .75 2 . 1 1 1 . 97 1 . 9 4
X 1 . 3 8 1 .7 1 2 .15 2 . 5 4 2 . 5 5 2 . 16
S .25 .24 . 46 .47 .51 . 19
C . V . 1 8 . 3 1 4 . 3 2 1 . 5 1 8 . 4 2 0 . 1 8 . 7












V olu tion PT 1 2 3 4 5 6
N 10 10 10 9 9 2
M a x .  V alue 2 3 . 7 3 0 . 3 5 0 . 1 6 3 . 8 1 1 6 . 7 1 4 0 . 3
M i n .  V alue 9 .4 1 0 . 5 1 5 . 4 3 0 . 3 45 .7 6 8 . 8
X 15 .1 1 9 . 4 2 7 . 8 4 9 . 6 82 .5 1 0 4 . 6
S 4 . 1 6 . 4 1 1 . 7 12 .5 2 1 . 8 5 0 . 6
C . V . 2 7 . 3 3 2 . 8 42 .1 25 .3 2 6 . 5 4 8 . 4
S - E *x 1 . 3 2 . 0 3 . 7 4 . 2 7 . 3 3 5 . 8
V o lu t ion TW 0 1 2 3 4
N 10 10 10 8 4
M a x .  V alue .051 . 079 . 12 9 . 23 9 . 2 9 4
M i n .  Value . 02 6 .045 . 06 0 . 1 1 9 . 174
X .037 .061 .094 .167 . 22 6
S .008 .010 . 023 . 04 4 . 0 5 0
C . V . 2 1 . 4 1 5 . 9 2 4 . 1 2 6 .  1 22 .1
S - E - x . 003 . 00 3 .007 . 01 5 . 025
V o lu t ion TS 1-2 2 - 3 3 -4 4 - 5 5 -6
N 10 10 10 10 6
M a x .  Value 8 0 . 6 6 1 . 4 62 .0 7 6 . 6 5 5 . 8
M i n .  V alue 42 .6 3 9 . 6 4 6 . 9 4 0 . 3 3 7 . 7
X 6 0 . 6 4 7 . 1 5 4 . 3 6 0 . 3 4 9 . 5
S 1 0 . 0 7 . 3 5 .0 1 1 . 5 6 . 3
C  .V. 1 6 . 6 1 5 . 5 9 . 2 1 9 . 0 1 3 . 8
S - E -X 3 . 2 2 . 3 1 . 6 3 . 6 2 . 8
T ab le  1 3 ,  Part 2 .  O b s e r v e d  V aria tion  in S ch w a g er in a  row ett i
oo<£>
90
O c cu rre n c e  and M a ter ia l
S chw agerina  ro w e tt i  n .  s p .  o c c u r s  in sa m p les  R C - 1 5 ,  D R -1 4 ,  
R C - 1 6 ,  and R C -17  from  the  u p p e r -m id d le  and upper part o f  the A lternat­
ing L im e s to n e -S h a le  M e m b e r .
This d e s c r ip t io n  is  b a s e d  on  ten  a x ia l ,  one  sa g it ta l  and three 
o b l iq u e  s e c t i o n s .
C a ta lo g u e  Numbers
H o lo t y p e , U A2077; p a r a ty p e s ,  UA2070 through U A2076, and 
UA2078 through UA2083 .
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Schw agerina  c a l lo s a  (R a u ser-C h ern ou sova )
Plate 4 , f i g s  . 1 -7  
T ables  14 and 15
P seu d o fu su lin a  c a l l o s a , R a u s e r -C h e rn o u s o v a ,  1 940 ,  p .  8 8 - 8 9 ,  Plate 5 , 
f i g s .  5 - 7 .
P seu dofu su lin a  c a l lo s a  (R a u s e r -C h e r n o u s o v a ) , R a u s e r -C h e rn o u s o v a , 1965,  
p .  7 1 - 7 2 ,  Plate 6 ,  f i g s .  5 - 6 .
D ia g n o s is
Shape: The sh e ll  is  fusiform  w ith  b roa d ly  rounded p o l e s .  Some sp ec im en s  
b e c o m e  s l igh tly  ex ten d ed  in the la s t  tw o  v o lu t io n s .  The a x is  o f  c o i l in g  
is  stra ight to  irregular.
S ize :  Ind iv iduals  o f  s ix  to sev en  v o lu t io n s  range in length from about 
5 .0  to  7 .9  mm, and from 2 .0  to  2 . 8  mm in w id th .  One sp ec im en  o f  
s e v e n  v o lu t io n s  w as  a lm ost  9 mm l o n g .
Number o f  V olu tions : Mature in d iv id u a ls  have s ix  to  seven  v o lu t io n s .
M o s t  o f  the study s p e c im e n s  w ere  b a d ly  eroded  and it w as  im p o s s ib le  to 
re cord  a ccu ra te  m easurem ents for the  la s t  v o lu t io n s .
H alf Length: M ean h a lf  lengths fo r  the f irst  through the sixth vo lu t ion s  
are: . 2 1 / 6 ,  . 4 8 / 6 ,  . 8 2 / 6 ,  1 . 2 7 /5  , 2 . 3 5 /5  , and 3 . 1 2 / 3  mm.
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Radius Vector: Average values for radius vector for volutions one through 
six are; .1 3 /6 ,  . 2 2 / 6 ,  . 3 3 / 6 ,  .5 2 /5 ,  .7 6 /4 ,  and 1 . 1 2 / 3  mm re sp e c ­
t iv e ly .
Wall: The spirotheca is com posed of tectum and a moderately c o a rs e -  
textured keriotheca. The protheca is o f  uneven con s is ten cy , particularly 
in the outer volutions. Epithecal deposits are present above the tectum 
but vary considerably in amount between volutions, and in individual 
specim ens. The mean protheca thicknesses for the first through the sixth 
volutions are: 1 6 . 0 / 6 ,  2 5 . 2 / 6 ,  3 7 .2 /6 ,  5 5 . 0 / 5 ,  8 0 . 3 / 4 ,  and 8 5 . 6 . 3  
microns.
Chomata: Low rudimentary chomata generally occur on the proloculus 
and first volution. Pseudochomata are present but are poorly developed 
on the succeeding two to three vo lu tion s .
Axial Deposits: In most o f  the specimens secondary deposits  are light 
and interrupted along the a x is .  One specimen had more m assive d ep os its ,  
indicating that there is probably a continuum of variation for this char­
acter.
Tunnel: The tunnel is narrow and evident in the inner volutions , where 
it follows an irregular path. Tunnel height is about half that o f  the cham­
bers but apparently increases somewhat in the later volutions. Mean 
tunnel widths for the proloculus through the third volution are; . 0 4 / 6 ,
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. 0 6 / 6 ,  . 1 1 / 5 ,  and . 1 7 /6  mm.
Septa: The septa are strongly  and rather irregularly  f lu ted  from p o le  to  
p o l e .  The a rch es  tend to  be angular to  d istorted  w ith  the a p ex  frequently  
reach in g  su cc e e d in g  v o lu t io n s .  Fluting may tra verse  the tunnel path in 
outer v o lu t io n s .  Septal cou n t for one sp ec im en  is :  ? , 2 4 ,  2 8 ,  27 , and 
3 1 .
Form Ratio: M ean v a lu e s  for form ratio  for the f irs t  through sixth  vo lu t ion s  
are: 1 . 5 9 / 6 ,  2 . 1 7 / 6 ,  2 . 4 6 / 6 ,  2 . 4 4 / 5 ,  2 . 9 5 / 3 ,  and 2 . 8 1 / 3 .
T ig h tn ess  o f  Spire: The f irs t  1 .5  v o lu t io n s  are more t igh t ly  c o i l e d  than 
the re s t  o f  the s h e l l .  M ean v a lu e s  for  the p ercen t  in cr e a s e  o f  ea ch  v o lu ­
t ion  are: 6 5 . 3 / 6 ,  5 2 . 7 / 6 ,  5 4 . 2 / 5 ,  5 0 . 2 / 4 ,  and 5 1 . 5 / 3 .
P ro lo cu lu s :  The p ro lo cu lu s  ranges from 1 03 . 4  to  1 9 9 . 7  m icrons in m axi­
mum o u ts id e  d iam eter . M ean v a lu e s  for  the maximum and minimum ou t ­
s id e  diam eter are 1 6 9 . 8  and 1 55 . 0  m icrons r e s p e c t iv e ly .
D is c u s s io n
There is  c l o s e  agreem ent in a l l  m easured and q u a lita t iv e  param­
eters  with the or ig in a l  d e s cr ip t io n s  o f Schw agerina  c a l l o s a  (Rauser- 
C hernousova) from the Sterlitamak horizon  o f  the southern  Urals (Rauser- 
C h e rn o u so v a ,  1940) .  P ro locu lu s  s i z e  d i f fe rs  on ly  s l ig h t ly ,  ranging from 
150 to  240 m icrons in the Russian forms and 103 . 4  to  1 9 9 . 7  m icrons in












Table 14. Regression Analysis  for Schwagerina ca l l osa
Select i on___________________ RV/HL___________________ HL/RV___________________ PT/RV____________________RV/PT
n r
29 29 29 29
*RX 1.098 .429 .429 43.197
1 X . 429 1 .098 43.  197 .429
SRX .954 .317 .317 26.624
SRY
.317 .954 26.624 .317
r .983 .983 .936 .936
K .327 2 .959 78 . 664 .011
s . e . k .012 .106 5 .675 .001
b .070 -  . 172 9 .458 -  .053














V olu tion HL 1 2 3 4 5 6 7
N 6 6 6 5 5 3 1
M a x .  Value . 262 .590 1 . 0 3 3 1 . 5 9 7 2 . 663 3 . 3 4 9 4 . 4 1 8
M i n .  V alue . 125 . 35 8 .564 . 98 4 2 . 04 3 2 . 7 5 2 4 . 4 1 8
X . 212 .477 . 82 4 1 . 2 7 1 2 . 34 8 3.  122 -
S .052 . 089 . 18 3 . 287 . 292 . 32 3 -
C . V . 24 .6 1 8 . 7 22 .2 22 .5 12 .5 1 0 . 4 -
S .E .021 . 0 3 6 . 0 7 5 . 12 8 .131 . 18 6 -
V olu t ion RV 1 2 3 4 5 6
N 6 6 6 5 4 3
M a x .  Value .147 . 26 0 .415 . 609 .851 1 . 2 7 9
M i n .  V alue . 106 .176 . 2 8 3 . 4 2 6 . 670 1 . 0 0 1
X .132 . 21 9 . 3 3 4 . 51 6 .764 1 . 1 2 0
S . 01 6 .027 .044 . 073 .092 . 143
C . V . 12 .2 1 2 . 3 1 3 . 3 1 4 . 2 12 . 1 1 2 . 8
S . E . x . 007 .011 . 0 1 8 . 0 3 3 . 0 4 6 . 08 3
V o lu t ion P r o . M i n . P ro .  M a x .
N 6 6
M a x .  Value 185 .14 1 9 9 . 7 T a b le  15, Part 1 . O b s e r v e d  V aria tion  in
M i n .  V alue 1 0 0 . 7 1 0 3 . 4 S ch w a g e r in a  c a l l o s a
X 1 5 5 . 0 1 6 9 . 8
S 32 .8 35 .1
C . V . 2 1 . 2 2 0 . 7
S .E 1 3 . 4 14 .3
V o lu t ion FR 1 2 3 4 5 6
N 6 6 6 5 3 3
M a x .  Value 2 .06 2 .5 0 3 . 2 0 2 . 90 3 . 1 1 3 . 3 4
M i n .  Value 1 .1 8 1 . 8 0 1 . 7 8 2 .22 2 . 8 1 2 . 5 4
X 1 .59 2 . 1 7 2 . 46 2 .44 2 .95 2 .81
S .32 .25 .45 .28 .15 . 4 6
C . V . 1 9 . 9 1 1 . 3 1 8 . 3 1 1 . 5 5 . 1 1 6 . 3











V olu t ion PT 1 2 3 4 5 6
N 6 6 6 5 4 3
M a x .  Value 1 9 . 3 3 1 . 4 5 1 . 2 7 4 . 3 97 .4 1 0 7 . 3
M in .  V alue 1 2 . 7 22 .6 2 3 . 7 4 1 . 3 7 1 . 0 6 9 . 3
X 1 6 . 0 2 5 . 2 3 7 . 2 55 .0 8 0 . 3 8 5 . 6
S 2 . 5 3 . 2 9 . 7 1 2 . 5 1 2 . 4 1 9 . 6
C . V . 1 5 . 7 1 2 . 7 2 6 . 0 22 .7 1 5 . 4 2 2 . 8
S . E . x 1 . 0 1 . 3 4 . 0 5 . 6 6 . 2 1 1 . 3
V o lu t ion TW 0 1 2 3 4 5
N 6 6 5 6 1 1
M a x .  Value .05 0 . 07 9 .144 . 3 0 3 . 562 .514
M i n .  Value . 03 6 .042 .093 . 11 8 . 562 . 514
X . 04 3 . 062 . 10 9 . 191 - -
S . 006 .01 3 .021 . 06 6 - -
C . V . 14 .5 2 0 . 4 1 9 . 5 3 4 . 7 - -
S .E . 003 . 005 . 009 . 02 7 “ *
V olu t ion TS 1-2 2 - 3 3 -4 4 - 5 5 -6
N 6 6 5 4 3
M a x .  Value 7 6 . 7 6 0 . 7 7 3 . 0 5 7 .  1 61 .3
M i n .  V alue 4 8 . 9 4 0 . 5 44 .9 3 9 . 7 42 .9
X 65 .3 52 .7 5 4 . 2 5 0 . 2 5 1 . 5
S 10 .1 8 . 8 1 1 . 3 7 . 4 9 . 3
C . V . 1 5 . 4 1 6 . 7 20 .9 1 4 . 8 1 8 . 0
S . E «x 4 .1 3 . 6 5 . 1 3 . 7 5 .4




the Alaskan typ es .  She did not include septal counts in the original 
descriptions; however, the data from one specimen is  included in this 
d ia g n os is .
S . ca llosa  (Rauser-Chernousova) is similar in certain aspects  to 
several species  from the Sterlitamak horizon of the Urals. S_. blochini 
(Korzhenevsky) is distinguished from this species  by its much larger 
s i z e ,  thicker protheca, and thicker septa. S_. kutkanensis (Rauser- 
Chernousova) differs in its larger s iz e ,  more elongate test ,  and less  
extensive axial depos its .  S_. karagasensis (Rauser-Chernousova) is 
wider and is generally free of axial depos its .  S_. pseudokaragasensis n. 
sp . , from a lower horizon in the Alternating Limestone-Shale Member, 
has significantly smaller values for half length and radius vector , it more 
regularly fluted, has fewer septa per volution, and smaller form ratios in 
the outer volutions.
Unfortunately, I was not able to study the descriptions of the forms 
from northern Fergana (Bensh, 1962) or the Timan forms reported by 
Grozdilova and Lebedeva (1961).  According to Rauser-Chernousova (1965,  
p.  71-72) ,  these forms agree satisfactorily with the original descriptions.
Occurrence and Material
Schwagerina callosa  (Rauser-Chernousova) occurs in Zones B and 
C of the Alternating Limestone-Shale Member in samples R C-13 , RC-16, 
R C -17 , and RC-19. The same species  is found in the upper part of the
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Sterlitamak horizon  o f  the Sakmarian s e r ie s  in severa l  l o c a l i t i e s  in the 
southern U r a l s .
This d escr ip t ion  is  b a s e d  on s ix  a x ia l ,  one sa g itta l ,  and three 
o b l iq u e  s e c t i o n s .
C a ta log u e  Numbers
UA2084 through U A2093.
Schw agerina  w harton i P e t o c z ,  n .  s p .
P late 3 , f i g s . 1 -5  
T a b les  16 and 17
D ia g n o s is
S hape: The sh e ll  is  e lon ga te  fu s iform  with b luntly  pointed p o l e s .  The 
a x is  o f  co i l in g  is  stra ight.
S ize :  Mature in d iv idu a ls  o f  5 .5  to  6 v o lu t io n s  range in length  from 6 .2  to
9 .5  mm, and from 1 .8  to  3 .2  mm in w id th .
Number o f  V olutions: A ll adu lt  in d iv id u a ls  have at le a s t  5 .5  v o lu t io n s  and
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may p ossess  up to seven .
Half Length: Mean half lengths for the first through sixth volution are; 
. 2 0 / 2 7 ,  .4 6 /2 7 ,  .8 9 /2 7 ,  1 . 5 6 / 2 7 ,  2 . 5 4 / 2 2 ,  and 3 .4 1 /1 1  mm.
Radius Vector: The mean radius vectors  for volutions one through six 
are: .1 4 /2 7 ,  .2 3 /2 7 ,  . 3 8 /2 7 ,  . 6 1 / 2 7 ,  . 9 1 / 2 1 ,  and 1 .2 2 /1 1  mm resp ec ­
tively  .
W all: The spirotheca is com posed o f tectum and a moderately co a rse -  
textured keriotheca. The co n s is te n cy  o f the protheca is irregular in most 
specim ens. Long and short a lv eo li  are alternately spaced in the protheca 
of the outer volutions. The longer a lv eo li  have noticeab ly  thickened 
chamber ends. Epithecal deposits  are lacking on the tectum. Mean 
values o f protheca thickness for the first through sixth volutions are: 
1 4 . 7 / 2 7 ,  2 3 . 9 / 2 6 ,  3 9 . 2 / 2 6 ,  6 4 . 6 / 2 5 ,  8 3 . 3 / 1 8 ,  and 8 9 . 0 / 1 0  microns.
Chomata: Chomata are present on the proloculus and the first one to two 
volutions. Pseudochomata occur irregularly on the succeeding two vo lu ­
tions but are generally poorly d ev e lop ed .  Secondary d ep os its ,  which are 
apparently continuous with the chomata or pseudochom ata, frequently 
occur in an arch over the tunnel path (Plate 3 , f ig .  10).
Axial Deposits: Secondary axial fil l ing is absent to extremely light.
When such deposits o ccu r ,  they are usually confined to the first three volu ­
tions .
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Tunnel: The tunnel is  w e l l  defined in the inner volutions and has a 
straight to slightly irregular path. Its height is about half that o f the 
chambers, but increases in the outer w h orls .  Septal fluting may occur 
across  the path in the outer v o lu t io n s , often rendering it difficult to 
make appropriate measurements. The tunnel is comparatively wide with 
mean values for the proloculus through the fifth volution of: .0 6 /2 5 ,
.1 0 /2 5 ,  . 1 9 / 2 3 ,  . 3 4 /1 7 ,  . 6 7 /1 2 ,  and .6 5 /2  mm respective ly .
Septa: The septa are moderately to strongly fluted with the arches 
commonly reaching the base  o f  adjacent cham bers, both in the midplane 
and the polar reg ion s .  Septal arches are normally broad and rounded, and 
more rarely, angular. Many specim ens have septa which are broader 
and irregularly folded a cro ss  the midplane o f  outer volutions. Septal 
pores are abundantly present and are b es t  developed  in the arches of the 
polar reg ion s .  The mean va lues  o f septal counts for the first through the 
fifth volution are: 1 1 . 5 / 4 ,  1 8 . 0 / 4 ,  1 9 . 0 / 4 ,  2 0 .8 /4  , and 2 6 .5 /4 .
Form Ratio: Mean values o f  form ratio for volutions one through six are: 
1 . 4 1 / 2 7 ,  1 . 9 7 / 2 7 ,  2 . 3 3 / 2 7 ,  2 . 5 6 / 2 7 ,  2 . 8 7 / 2 0 ,  and 2 . 9 2 / 1 0 .
Tightness o f  Spire: The chambers are lo o s e ly  co i led  throught the test .
The mean values for percent expansion o f  each  volution are: 6 3 .8 /2  7 , 
6 3 . 5 / 2 7 ,  6 1 .9 /2 7 ,  5 4 . 2 / 2 1 ,  and 4 3 . 6 / 1 1 .
Proloculus: The initial chamber varies in s i z e ,  ranging from 12 3 .8  to
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2 3 0 . 5  m icrons for the maximum o u ts id e  d iam eter . M ean  va lu es  for  the 
maximum and minimum diam eter are 184 .1  and 1 7 0 . 0  m ic r o n s .
D is c u s s io n
Schw agerina  whartoni n .  s p .  is  sim ilar in a l l  r e s p e c t s  o f  e v o lu ­
tionary d eve lopm en t to  a group o f  s p e c ie s  in c lu d in g  S_. su lca ta  
(K orz h en ev sk y ) , S. is ch im b a jev i  (K orzh en evsk y ), S_. rauserae  (Korzhenev­
sky) , and S_. m oeller i  (Schellw ien) from the s u b su r fa ce  Sakmarian lim e­
s to n e s  at Ish im b a jev a ,  southern Ur a l s .  S_. su lca ta  (K orzhenevsky) may 
be d is t in g u ish ed  by its more c y l in d r ic a l  form , and som ew h at  th ick er  
protheca  , w h ile  S_. is ch im b a je v i  (Korzhenevsky) and S_. rauserae 
(Korzhenevsky) are both  lo n g e r ,  have larger p r o lo c u l i ,  a much th icker  
p ro th e c a ,  and more numerous septa per v o lu t io n .  The latter s p e c i e s  
a l s o  has a x ia l  d e p o s i t s .  S_. m oelleri (S chellw ien) d i f fe r s  in that it has 
more numerous v o lu t ion s  and th icker  protheca  in the outer  v o lu t io n s .
This s p e c i e s  is  named in memory o f  G eorg e  B. W h a rton ,  fe l lo w  
graduate student and friend at the U n ivers ity  o f  A la s k a .
O ccu rre n c e  and M aterial
Schw agerina whartoni n .  sp .  o ccu rs  in Z o n e s  B and C in the 
Alternating L im eston e -S h a le  M em ber in sam ples  R C - 1 1 ,  R C -12  , R C 1 -5 ,  
and D R -1 4 .  The com parable  Russian s p e c ie s  as  reported  b y  K orzhenevsky













T a b l e  16.  R e g r e s s i o n  A n a l y s i s  f or  S ch w a ge r i n a  whartoni
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
% 130 130 130 130
*RX 1 . 2 0 1 . 473 . 47 3
45 . 03 3
X RY . 4 7 3 1 . 2 0 1 45 .033 . 473
SRX 1 . 0 6 4 . 33 8
. 3 3 8 2 9 . 1 3 8
SRY . 33 8 1 . 0 6 4 2 9 . 1 3 8 . 338
r . 970 . 970 . 885 . 885
K . 308 3 . 0 5 5 7 6 . 3 4 8 . 0 1 0
S . E . ^ .007 . 0 6 8 3 . 5 5 0 . 001
b . 103 -  . 244 8 . 9 4 6 .011
S , E ' e s t . . 0 8 3 . 260













V olu tion HL 1 2 3 4 5 6 7
N 27 27 27 27 22 11 1
M a x .  V alue . 305 . 708 1 .561 2 . 2 1 4 3 . 6 5 1 4 . 8 0 5 4 . 3 6 2
M i n .  V alue . 102 . 184 . 400 . 915 1 .732 2 . 6 1 1 4 .362
X . 199 . 45 7 .881 1 . 5 6 3 2 . 540 3 . 4 0 9 -
S . 055 . 13 6 . 260 . 377 . 519 . 701 -
C . V . 2 7 . 8 2 9 . 7 2 9 . 6 2 4 . 1 2 0 . 4 2 0 . 6 -
S . E . -
X
.011 . 0 2 6 . 05 0 .073 . 111 .211 —
V olu tion RV 1 2 3 4 5 6
N 27 27 27 27 21 11
M a x .  V alue . 23 0 . 34 8 .554 .865 1 . 235 1 . 4 1 2
M i n .  V alue . 083 . 146 . 220 .362 . 557 .902
X .142 .232 . 379 . 612 . 912 1 . 2 2 0
S . 030 . 04 6 .075 . 11 4 . 1 6 6 . 193
C . V . 2 1 . 2 1 9 . 8 1 9 . 7 1 8 . 6 1 8 . 2 1 6 . 4
S .E . 00 6 . 009 . 014 .022 . 0 3 6 . 055
V o lu tion P ro . M i n . P r o . M a x .
N 26 26
M a x .  V alue 205 .2 2 3 0 . 5 T a b le  17, Part 1 . O b s e r v e d  V aria tion  in
M i n .  V alue 122 .1 1 2 3 . 8 S ch w a g er in a  w harton i
X 1 7 0 . 0 184 .1
S 2 3 . 3 3 1 . 2
C . V . 1 3 . 7 1 6 . 9
S . E . 4 . 6 6 . 1
V o lu t ion FR 1 2 3 4 5 6
N 27 27 27 27 27 10
M a x .  V alue 2 .2 0 2 .9 8 4 . 0 8 3 . 3 5 3 . 7 9 3 . 8 6
M i n .  V alue .9 5 1 .1 6 1 .54 1 . 5 5 1 . 7 1 2 . 13
X 1 .41 1 . 9 7 2 . 33 2 . 56 2 .87 2 .92
S .32 . 48 .56 .44 .45 .51
C . V . 22 .8 2 4 . 4 2 4 . 0 1 7 . 1 1 5 . 8 1 7 . 3













V olu tion PT 1 2 3 4 5 6 7
N 27 26 26 25 18 10 1
M a x .  Value 2 9 . 2 52 .8 6 0 . 5 9 9 . 6 1 1 4 . 5 142.5 9 9 . 0
M i n .  V alue 7 .7 1 6 . 0 1 4 . 9 22 .0 42 .9 6 6 . 0 9 9 . 0
X 14 .7 2 3 . 9 3 9 . 2 6 4 . 6 8 3 . 3 89 .0 -
S 4 . 3 7 . 6 1 0 . 4 1 7 . 3 1 8 . 6 2 1 . 0 -
C . V . 2 8 . 9 3 1 . 9 2 6 . 6 2 6 . 8 22 .4 2 3 . 6 -
S . E . .8 1 . 5 2 .0 3 . 5 4 . 4 6 . 6 —
V olu t ion TW 0 1 2 3 4 5
N 25 25 23 17 12 2
M a x .  Value .085 . 142 . 314 . 63 8 1 . 237 . 68 6
M i n .  V alue . 02 9 .053 . 0 9 8 . 193 . 3 4 0 .62 3
X .057 . 101 . 185 . 3 3 8 . 67 3 .65 4
S .012 . 02 5 .061 .117 . 28 8 .045
C . V . 2 1 . 1 2 4 . 4 33 .2 3 4 . 7 42 .9 6 . 8
S .E . 002 .005 . 013 . 02 8 . 08 3 .032
V o lu t ion TS 1-2 2 -3 3 -4 4 -5 5 -6
N 27 27 27 21 11
M a x .  Value 1 0 6 . 9 8 3 . 3 89 .5 7 4 . 2 59 .9
M i n . V alue 45 .4 4 6 . 3 4 7 . 0 3 9 . 1 3 3 . 6
X 6 3 . 8 63 .5 6 1 . 9 5 4 . 2 43 .6
S 1 1 . 4 1 0 . 0 9 . 2 8 . 2 7 . 7
C . V . 1 7 . 9 1 5 . 7 1 4 . 8 15 .1 1 7 . 7
wC
O 2 . 2 1 . 9 1 . 8 1 . 8 2 . 3
T a b le  17 , Part 2 .  O b s e r v e d  V aria t ion  in S ch w a g er in a  w harton i
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(1940)  and more re c e n t ly  by  R a u s e r -C h e rn o u s o v a  ( 1 9 65 ) ,  o c c u r  in ro ck s  in 
the southern  Ural area o f  the U . S . S . R .  that ran ge  from ea r ly  A s s e l ia n  
through m iddle  Sakmarian (M id d le  Tastuba h or izon )  in a g e .
T his  d e s c r ip t io n  is b a s e d  on 27 a x i a l ,  4 s a g i t t a l ,  and 3 o b l iq u e  
s e c t i o n s .
C a ta lo g u e  Num bers
H o lo t y p e ,  U A2 10 3 ;  p a r a t y p e s , UA2094 through UA2102 ,  and UA2104 
through U A 2 1 2 7 .
S chw agerina  h e in er i  P e t o c z ,  n .  s p .
P late 5 ,  f i g s .  1 - 2 ,  and 14 
T a b les  18 and 19
D ia g n o s is
Shape: The s h e l l  is  fus iform  to  s u b e l l ip t i c a l  w ith  b roa d ly  rounded to 
b lu n tly  p o in ted  p o l e s .  The a x is  o f  c o i l in g  is  s t ra ig h t .
S iz e :  M ature s p e c im e n s  o f  s e v e n  to  e ig h t  v o lu t io n s  range from 4 .6  to  6 .3
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mm in len g th ,  and from 2 .5  to  3 .4  mm in w idth .
Number o f  V o lu t ion s :  Mature in d iv id u a ls  p o s s e s s  at le a s t  6 .5  to  7 v o lu ­
t i o n s .  Eight o f  35 s p e c im e n s  had e ight v o lu t io n s .
Half Length: M ean  v a lu e s  o f  half length for the f irs t  through the e ighth 
v o lu t ion s  are: . 1 0 / 3 4 ,  . 2 2 / 3 4 ,  . 4 4 / 3 4 ,  . 7 8 / 2 9 ,  1 . 2 6 / 3 2 ,  1 . 8 9 / 2 9 ,
2 . 5 8 /2 0  , and 3 . 1 9 / 8  mm r e s p e c t iv e ly .
Radius Vector : M ean  rad iu s  v e c to r s  for  vo lu t ion s  one  through e ig h t  are: 
. 0 8 / 3 5 ,  . 1 2 / 3 5 ,  . 1 9 / 3 5 ,  . 2 9 / 3 5 ,  . 4 6 / 3 4 ,  . 7 6 / 2 9 ,  1 . 1 0 / 1 5 ,  and 
1 .4 1 / 4  mm.
W a ll :  The sp iro th eca  i s  c o m p o s e d  o f  tectum and a co m p a ra t iv e ly  fine  
textured k e r io t h e c a . The w a l l  structure is  d i f fu se  throughout m ost o f  
the te s t  and a lv e o l i  are not apparent in the v o lu t ion s  o f  the ju venarium . 
E p ith eca l d e p o s i t s  o c c u r  irregularly  on the tectu m . The th ic k n e s s  o f  the 
protheca  com m on ly  is  in c o n s i s t e n t ,  having mean v a lu e s  for  the f irs t  
through eighth  v o lu t io n s  o f :  1 2 . 6 / 3 4 ,  1 6 .7 /3 4  , 2 3 . 6 / 3 1 ,  3 4 . 3 / 3 4 ,  
4 8 .0 /3 1  , 6 6 . 5 / 2 3 ,  7 7 . 5 / 1 3 ,  and 7 7 . 2 / 4  m icrons r e s p e c t iv e ly .
Chom ata: Low chom ata  are  u su a lly  d e v e lo p e d  on the p r o lo c u lu s  and the 
first  2 to  2 .5  v o lu t i o n s .  P seudochom ata  are at b e s t  p oor ly  d e v e lo p e d  as 
s l igh t  se co n d a ry  th ick e n in g s  o f  septa  a d ja cen t  to  the tu n n e l ,  and o c c u r  
irregularly  on on e  to  tw o  v o lu t io n s  s u cc e e d in g  the juvenarium .
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Axial D e p o s its :  The p r e s e n c e  o f  s e co n d a ry  a x ia l  f i l l in g  va ries  co n s id e r a b ly  
in this s p e c ie s  (Plate 5 ,  f i g s .  1 , 4 ,  and 5 ) .  N orm ally on ly  l ight a x ia l  
d e p o s its  o c c u r  in the third through s ix th  v o lu t i o n s .
Tunnel: The tunnel is  narrow and b e s t  d e f in ed  in the inner v o lu t i o n s , w here  
it fo l lo w s  an irregular pa th . Its he ight is  l o w ,  about half that o f  the 
ch am bers . M ean v a lu e s  fo r  tunnel w idth  for  the pro locu lus  through the 
fifth  vo lution  are: . 0 3 / 2 0 ,  . 0 4 / 3 4 ,  . 0 6 / 3 3 ,  .1 1 /3 5  , . 2 2 /1 1  , and . 2 6 / 3  
mm.
Septa: Fluting is  in te n s e ,  h igh  and regular throughout the t e s t .  Septal 
a rch es  are g en era lly  narrow w ith  p a ra l le l  s id e s  and may be partia lly  or . 
entirely  f i l le d  with s e co n d a ry  d e p o s i t s  , particu larly  in Lhe inner v o l u t i o n s . 
The apex  o f  the fo ld s  com m on ly  reach  the b a s e  o f  the s u c c e e d in g  v o lu ­
t io n .  M ean sep ta l  cou n ts  fo r  the f irs t  through sixth v o lu t ion s  are: 9 . 3 / 4 ,  
1 3 . 8 / 4 ,  1 7 . 3 / 4 ,  2 0 . 3 / 4 ,  2 2 . 5 / 4 ,  and 2 8 / 5 .
Form Ratio: M ean v a lu es  fo r  the form ratio  in vo lu t ion s  one through e igh t  
are: 1 . 3 2 / 3 4 ,  1 . 8 6 / 3 4 ,  2 . 3 7 / 3 4 ,  2 . 6 8 / 2 9 ,  2 . 7 8 / 3 2 ,  2 . 5 7 / 2 9 ,  2 . 3 3 / 1 5 ,  
and 2 . 1 9 / 4 .
T ightness o f  Spire: The juvenarium  is  more t ightly  c o i l e d  than the en su in g  
v o lu t io n s .  M ean percent v a lu e s  for  ex p a n s ion  by vo lu tion  are: 5 4 . 9 / 3 5  , 
5 3 . 8 / 3 5 ,  5 4 . 1 / 3 5 ,  5 9 . 6 / 3 4 ,  6 4 . 6 / 2 9 ,  6 2 . 9 / 1 5 ,  and 4 6 . 7 / 4 .













T ab l e  18.  R e g r e s s i o n  A n a l y s i s  f or  S ch w a ge r i n a  he i ner i
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT







S . E . £ 
b
S ’ E *es t .
193 193 193
.882 . 364 . 364 34 . 983
. 364 . 882 3 4 . 9 8 3 .364
.818 . 340 . 340 2 3 . 3 4 6
.340 . 81 8 2 3 . 3 4 6 . 340
. 963 . 96 3 .902 . 902
. 400 2 . 316 6 1 . 8 7 9 . 013
.008 .471 2 . 148 .001
.011 . 03 9 12 . 477 -  . 096














V olu tion HL 1 2 3 4 5 6 7 8
N 34 34 34 29 32 29 20 8
M a x .  V alue .1 5 7 .482 .67 6 1 .2 1 0 1 .7 9 4 2 .6 5 4 3 .2 8 7 3 .6 4 4
M in .  V alue .0 6 6 .1 3 4 .2 9 8 .4 5 9 .6 9 5 1 .2 0 4 1 .70 2 2 .2 8 6
X .10 2 .2 2 3 .4 4 3 .77 5 1 .2 6 2 1 .8 9 4 2 .58 2 3 .  186
S .02 5 .06 5 . 105 . 178 .2 7 0 .30 7 .34 2 .4 3 6
C . V . 2 4 .  1 2 9 .2 2 4 .0 2 3 .0 2 1 .4 1 6 .2 1 3 .2 1 3 .7
S .E .0 0 4 .011 .0 1 8 .0 3 3 .0 4 8 .0 5 7 .07 6 .1 5 4
V o lu t ion RV 1 2 3 4 5 6 7 8
N 35 35 35 35 34 29 15 4
M a x .  V alue .1 1 0 .172 .261 .3 8 9 .69 0 1 .2 0 0 1 .432 1 .7 3 7
M in .  V alue .052 .0 8 7 .1 2 6 . 194 .2 7 9 .4 2 9 .62 1 .94 3
X .0 7 8 .12 2 .1 8 7 .2 8 8 .462 .7 5 9 1 .1 0 0 1 .4 1 0
S .01 4 .0 2 2 .0 3 3 .052 .09 5 . 173 .1 9 3 .3 3 8
C . V . 1 7 .3 1 8 .1 1 7 .6 1 8 .0 2 0 .5 22 .7 1 7 .6 2 4 .0
S . E .^r .00 2 .0 0 4 .0 0 6 .0 0 9 .0 1 6 .0 3 2 .0 5 0 .1 6 9
V o lu t ion P ro . M in . P ro . M a x .
N 33 34
M a x .  V alue 1 1 6 .1 137 .5 T a b le  19 , Part 1. O b s e r v e d  V aria tion  in
M in .  V alue 55 .6 6 6 .0 S ch w a g er in a  h e in e r i
X 85 .3 9 4 .5
S 15 .9 1 6 .1
C . V . 1 8 .6 1 7 .0
S . E 2 . 8 2 . 8
V o lu t ion FR 1 2 3 4 5 6 7 8
N 34 34 34 29 32 29 15 4
M a x .  V alue 1 .7 8 3 .3 6 3 .5 9 3 .5 9 3 .9 6 3 .6 8 2 .8 9 2 .42
M in .  V alue .8 6 1 .2 3 1 .5 6 1 .6 3 1 .5 3 1 .7 7 1 .8 1 1 .9 3
X 1 .32 1 .8 6 2 .3 8 2 .6 8 2 .7 8 2 .5 7 2 .33 2 .1 9
S .2 6 .4 9 .45 .4 2 .5 3 .4 3 .31 .25
C . V . 1 9 .4 2 6 .3 1 8 .9 1 5 .7 1 8 .9 1 8 .6 1 3 .2 1 1 .6













V olu t ion PT 1 2 3 4 5 6 7 8
N 34 34 31 34 31 23 13 4
M a x .  Value 19 .3 2 7 .5 34 .7 6 1 .6 7 1 .5 9 7 .4 9 7 .4 91 3
M in .  Value 7 .7 9 .9 12 .7 22 .0 2 0 .9 3 7 .4 4 6 .8 69 .3
X 12 .6 1 6 .3 2 3 . 6 3 4 .3 4 8 .0 6 6 .5 77 .5 77 2
S 3 . 1 5 .0 6 .5 1 1 .2 12 .3 1 5 .6 13 .1 10 .0
C . V . 24 .8 3 0 .0 2 7 .7 32 .6 25 .6 2 3 .4 1 6 .8 13 .0
S - E -X
.5 .9 1 .2 1 .9 2 .2 3 .2 3 .6 5 .0
V o lu t ion TW 0 1 2 3 4 5
N 20 34 33 35 11 3
M a x .  V alue .0 3 6 .061 .1 1 9 . 187 .4 0 9 .3 0 7
M in .  Value .0 1 7 .0 2 0 .031 .0 5 5 .1 0 5 .2 0 0
X .0 2 6 .03 5 .05 9 . 106 .2 2 3 .261
S .0 0 6 .0 0 9 .0 1 9 .0 2 5 .0 8 9 .05 5
C . V . 22 .8 2 4 .3 3 1 .8 2 3 . 6 3 9 .9 2 1 .1
S .E .001 .001 .00 3 .0 0 4 .0 2 7 .032
V o lu t ion TS 1-2 2 - 3 3 -4 4 - 5 5 - 6 6 -7 7 - 8
N 35 35 35 34 29 15 4
M a x .  Value 81 .8 7 5 .6 65 .3 9 6 .1 91 .3 7 6 .4 5 4 .3
M in .  Value 37 .0 32 .7 4 0 .7 42 .2 3 9 .1 4 4 .8 34 .7
X 54 .9 5 3 .8 5 4 .1 5 9 .6 6 4 .5 6 2 .9 4 6 .7
S 11 .3 9 .1 7 .4 1 1 .7 1 1 .9 1 0 .4 8 .7
C . V . 20 .6 1 7 .0 1 3 .8 1 9 .5 1 8 .4 1 6 .5 1 8 .6
S - E - x 1 .9 1 .6 1 .3 2 . 0 2 .2 2 . 7 4 . 4
T a b le  1 9 ,  Part 2 .  O b s e r v e d  V aria tion  in S ch w a g er in a  h e in e r i
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I l l
P ro locu lu s :  The p r o lo c u lu s  is  sm a ll  w ith  mean va lu es  o f  the maximum and 
minimum o u ts id e  d iam eter  o f  9 4 . 5 / 3 4  and 85 . 3 /3 3  m icron s .
D is c u s s io n
S chw agerina  h e in er i  n .  s p .  d o e s  not c l o s e l y  resem b le  any other 
d e s c r ib e d  s p e c i e s .  It may b e  en d em ic  to  the Boreal faunal rea lm . The 
s p e c i e s  is  named for  L aw ren ce  E . H e in er ,  U n ivers ity  o f  A la sk a .
O ccu rre n ce  and M a ter ia l
Schw agerina  h e in er i  n .  s p .  o c c u r s  on ly  in the low erm ost  part of 
the L im estone  M em ber in  Z o n e  D and i s  abundantly  present in sample 
R C -2 2 .  This s p e c i e s  w a s  a l s o  found  in sa m p les  R C -23  and R C -21  ( ? ) .
This d e s c r ip t io n  is  b a s e d  on 35 a x i a l ,  6 sa g itta l ,  and numerous 
o b l iq u e  s e c t i o n s .  A d d it ion a l  a x ia l  s e c t i o n s  w ere studied but w ere  not 
m e a su re d .
C a ta log u e  Numbers
H o lo ty p e ,  UA2148; p a r a t y p e s , UA2137 through U A2147, and 
UA2149 through U A 2194 .
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Schwagerina moffiti P etocz , n. sp.
Plate 4 , f i g s . 8-13 
Tables 20 and 21
Diagnosis
Shape: The shell is thickly subcyiindricai to subcylindrical with bluntly 
rounded p o les .  The first volution is ovoidal and all succeeding volutions 
fusiform, becoming extended by the fourth or fifth volution . The axis of 
coiling is straight or gently arched. Most specimens are slightly con ­
stricted in the area o f the tunnel.
Size: Individual of 7 to 7 .5  volutions range in length from 8 .9  to 11.1 
mm, and from 2 .7  to 2 .9  mm in w idth.
Number of Volutions: Mature individuals p ossess  5 .5 to 7 .5  volutions.
Half Length: The mean values for half length for volutions one through 
seven are: .1 6 /6 ,  .3 7 /5  , .7 2 /6  , 1 .2 8 /5  , 2 .0 7 /6 ,  2 . 8 3 /4 ,  and 4 .3 2 /4  
mm.
Radius Vector; Average radius vectors for the first through the seventh 
volutions are; . 1 1 / 6 , .  1 6 /6 ,  .2 5 /6 ,  .3 9 /6 ,  .6 0 /6 ,  . 9 0 /4 ,  and 
1 .34 /2  mm.
Wall: The spirotheca is composed of tectum and a m oderate-to-fine 
textured keriotheca. The protheca is somewhat irregular in thickness and
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of rather diffuse structure. Epitheca is thin to absent above the tectum. 
The protheca is thick with mean thickness values for the first through the 
seventh volutions of: 1 4 .5 /6 ,  1 9 .1 /6 ,  31 . 0 / 6 ,  4 4 .3 /4 ,  6 2 .6 /5 ,  8 2 ,8 /4 ,  
and 1 0 3 .5 /2  microns respectively .
Chomata: Rudimentary chomata normally are present on the proloculus 
and first 1 .5  volutions. Pseudochomata are very poorly developed and 
occur irregularly on the two succeeding vo lu tions .
Axial Deposits: In some specimens light secondary deposits occur along 
the axis of the first several volutions. Apparently there is much variability 
in this character.
Tunnel: The tunnel is low and generally le s s  than half the chamber height 
in a ll volutions. Tunnel path is straight to irregular. The path sometimes 
is difficult to discern as it may be obscured by septal fluting. Mean 
values for tunnel width for the proloculus through fourth volution are:
.0 4 /4 ,  .0 6 /5 ,  .0 9 /5 ,  .1 2 /5 ,  and .2 7 /3  mm.
Septa: The septa are very regular, high, and intensely fluted throughout 
the sh e ll .  The form of the arches is irregular. The apex o f the folds 
commonly reaches the base o f succeeding vo lu tions. Septal loops of the 
inner volutions are generall f illed  with secondary depos its .  Septal counts 
for one specimen for volutions one through five  are; 14, 18, 23, 24, and 
25.
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Form Ratio: Mean values for form ratio for the firth through the seventh 
volutions are: 1 .4 7 /8 ,  2 .1 7 /5 ,  2 .8 4 /6 ,  3 .1 3 /5 ,  3 .5 4 /6 ,  3 .2 4 / 4 ,  and 
3 .5 1 /2 .
Tightness o f  Spire: The first two volutions are more tightly co i led  than 
the remainder o f the te s t .  Mean values for percent expansion of s u c c e s s ­
ive volutions are: 5 1 . 8 / 6 ,  5 3 .9 /6 ,  5 4 .7 /6 ,  5 2 .2 /6 ,  5 7 .7 /4 ,  and 
6 0 .4 /2 .
Proloculus: The initial chamber is small with mean values o f  the maximum 
and minimum outside diameter of 160 .8 /4  and 1 4 2 .3 /4  m icrons.
D iscussion
Schwagerina moffiti n . s p . is similar in may respects  to S . 
kutkanensis Rauser-Chernousova from the upper Sakmarian and Artinskian 
rocks in the southern Urals. S_. moffiti differs in having more vo lutions, 
significantly smaller diameters for all volutions, and much variation in 
axial d epos its .  S_. juresanensis (Rauser-Chernousova) from the Artinskian 
of the southern Urals differs in its more elongate form and le ss  intensely 
fluted septa. Some examples of S_. hyperborea (Salter) described here 
from much higher horizons in the Upper Delta River sect ion , as w ell as 
described sp ec ies  from the Belcher Channel Formation in the Arctic Archi­
pelago and the Tahkandit Formation of northern Yukon Territory are similar












T a b l e  2 0 .  R e g r e s s i o n  A n a l y s i s  f or  S c h w a g e r i n a  mof f i t i
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
n r
30 30 30 30
X rx 1 . 2 1 0 .401 .401 4 1 . 7 8 7
*RY .401 1 . 2 1 0 4 1 . 7 8 7 . 401
SRX 1 . 1 0 8
. 3 2 6 . 32 6 27 . 980
SRY
. 32 6 1 . 1 0 8 2 7 . 9 8 0 . 3 2 6
r . 92 4 . 92 4 . 94 6 . 94 6
K . 272 3 . 1 4 2 8 1 . 1 5 1 .011
s . e . k . 021 . 245 5 . 2 8 2 .001
b .072 -  . 05 0 9 . 2 4 8 -  . 059














V olu tion HL 1 2 3 4 5 6 7 8
N 6 5 6 5 6 4 4 1
M a x .  Value .2 2 3 .5 2 5 .964 1 .6 8 3 2 .6 9 0 3 .5 2 3 5 .63 5 4 .5 9 5
M in .  Value .082 .2 3 6 .36 4 .93 5 1 .4 4 3 2 .2 8 3 3 .641 4 .5 9 5
X .16 2 .371 .7 1 6 1 .2 7 9 2 .06 5 2 .8 3 4 4 .3 2 2 -
S .05 2 . 109 .2 3 6 .2 9 7 .5 2 5 .5 8 8 .9 0 9 -
C . V . 3 1 .8 2 9 .5 3 3 .0 2 3 .2 2 5 .4 2 0 .8 2 1 . 0 -
S . E . ^ .021 .0 4 9 .0 9 6 .1 3 3 .2 1 4 .2 9 4 .4 5 4 —
V olu tion RV 1 2 3 4 5 6 7
N 6 6 6 6 6 4 2
M a x .  Value . 125 . 182 .3 0 3 .4 5 0 .7 4 4 1 .1 1 3 1 .3 5 9
M in .  Value .0 8 6 . 141 .211 .2 9 8 .45 5 .7 3 9 1 .3 2 7
X .1 0 9 .1 6 4 .25 3 .3 9 2 .6 0 0 .89 5 1 .3 4 3
S .01 5 .0 1 8 .0 3 6 .06 3 .1 1 9 . 176 .0 2 3
C . V . 1 3 .9 1 1 .2 1 4 .0 1 6 .1 1 9 .8 1 9 .6 1 .7
w tn X
i . 0 0 6 .0 0 7 .015 .0 2 6 .0 4 8 .0 8 8 .0 1 6
V olu t ion P r o . M i n . P ro .  M a x .
N 4 4
M a x .  Value 155 .1 1 8 9 .8 T a b le  2 1 ,  Part 1 . O b s e r v e d  V aria tion  in
M in .  V alue 1 1 0 .6 1 1 6 .1 S ch w a g er in a  m o ff it i
X 1 4 2 .3 1 6 0 .8
S 2 1 .2 3 1 .9
C . V . 1 4 .9 1 9 .9
S .E 1 0 .6 1 6 .0
V olu tion FR 1 2 3 4 5 6 7
N 6 5 6 5 6 4 2
M a x .  Value 1 .8 3 2 .8 7 3 .6 7 4 .0 0 4 .3 3 4 .0 6 4 .  15
M in .  Value .95 1 .6 6 1 .65 2 .0 7 1 .9 4 2 .1 6 2 .8 6
X 1 .47 2 .1 7 2 .8 4 3 .1 3 3 .5 4 3 .2 4 3 .5 1
S .37 .5 0 .9 3 .71 .9 7 .82 .91
C . V . 2 5 .  1 2 3 .0 32 .6 22 .7 27 .4 2 5 .4 2 6 .0













V olu t ion PT 1 2 3 4 5 6 7
N 6 6 6 4 5 4 2
M a x .  V a lue 1 9 .3 2 9 .2 42 .9 5 7 .8 8 8 .0 9 7 .9 109 .5
M in .  V alue 1 1 .0 1 3 .2 1 6 .5 3 0 .8 3 9 .1 6 6 .6 97'. 4
X 1 4 .5 1 9 .1 31 .0 4 4 .3 6 2 .6 8 2 .8 103 .5
S 3 .1 5 .9 8 .9 1 4 .1 1 8 .0 1 2 .8 8 .6
C . V . 21 .5 3 1 .0 2 8 .7 3 1 .8 2 8 .8 15 .5 8 .3
s * E *x 1 .3 2 .4 3 .6 7 . 0 8 .1 6 .4 6 .1
V o lu t ion TW 0 1 2 3 4 5
N 4 5 5 5 3 1
M a x .  V alue .0 4 2 .0 7 8 .10 9 .192 .3 8 6 .3 1 6
M in .  V alue .0 2 5 .0 3 3 .05 9 .0 7 9 .1 9 9 .3 1 6
X .0 3 6 .0 5 5 .08 5 . 120 .2 6 9 -
S .0 0 8 .0 1 8 .02 0 .0 4 6 .1 0 2 -
C . V . 2 0 .9 32 .6 23 .6 3 8 .4 3 8 .0 -
S - E -X
.0 0 4 .0 0 8 .0 0 9 .021 .0 5 9 “
V olu tion TS 1 -2 2 -3 3 -4 4 -5 5 - 6 6 -7
N 6 6 6 6 4 2
M a x .  V alue 64 .6 7 0 .3 6 3 .7 6 5 .1 6 8 .8 7 9 .6
M in .  V alue 3 9 .6 4 8 .0 4 1 .3 3 8 .8 4 9 .6 4 1 .2
X 5 1 .8 53 .9 54 .7 5 2 .2 5 7 .7 6 0 .4
S 1 0 .6 8 .7 8 .6 9 .4 8 .6 2 7 .2
C . V . 2 0 .5 1 6 .1 1 5 .7 1 8 .0 1 4 .8 4 5 . 0
S . E . ^ 4 . 3 3 .5 3 .5 3 .8 4 . 3 1 9 .2
T ab le  21 , Part 2 . O b s e r v e d  V aria tion  in S ch w a g er in a  m o ff i t i
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in shape and sep ta l  d ev e lop m en t  but are read ily  d is t in g u ish ed  by  their  
larger s i z e  and d en ser  a x ia l  d e p o s i t s .
The s p e c i e s  is  named for  Fred C .  M o f f i t ,  U . S .  G e o lo g i c a l  Survey 
g e o l o g i s t ,  w ho has made s ig n i f i c a n t  contr ibutions to the g e o lo g y  o f  the 
ea s t  central A laska  R ange.
O ccu rren ce  and M ateria l
Schw agerina  m offit i  n .  s p .  o c c u r s  in sample R C -20  from Z on e  D 
in the h igh est  part o f  the A lternating L im eston e-S h a le  M em ber. No other 
f o s s i l s  are present in th is  sa m p le .
This d e s cr ip t io n  i s  b a se d  on s ix  a x ia l ,  one s a g it ta l ,  and tw o  
ob liq u e  s e c t i o n s .
C ata logu e  Numbers
H o lo ty p e ,  UA2132; p a r a t y p e s , UA2128 through UA2131, and UA2133 
through U A 2136 .
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Schw agerina  s p .  B 
P late  5 ,  f i g s .  13 and 15
Table  22
D ia g n o s is
Shape: The s h e l l  is fu s iform  with bluntly pointed  p o l e s .  The a x is  o f  
c o i l in g  is  straight to  g e n t ly  a r ch e d .  The f irs t  one or tw o v o lu t io n s  are 
g lo b o s e  to o v o id a l ;  a l l  s u c c e e d in g  v o lu t ion s  are fu s ifo rm .
S ize : Ind iv iduals  o f  s ix  to  e ight  v o lu t ion s  range in length from 3 .0  to
7 .2  mm, and from 1 .1  to  2 .3  mm in w id th .
H alf Length: Mean  v a lu e s  fo r  ha lf  length for  vo lu t ion s  one  through eight 
are: . 0 8 / 3 ,  . 2 0 / 3 ,  . 3 5 / 3 ,  . 6 0 / 3 ,  1 . 0 3 / 3 ,  1 . 6 8 / 3 ,  2 . 7 8 / 1 ,  and 
3 . 69 /1  mm.
Radius Vector: M ean  rad ius  v e c to r s  are: . 0 7 / 3 ,  . 1 0 / 3 ,  . 1 5 / 3  , . 2 2 / 3 ,  
. 3 4 / 3 ,  . 5 8 / 3 ,  . 6 9 / 1  , and 1 .0 1 / 1  mm r e s p e c t iv e ly  for the first  through 
eighth v o lu t i o n s .
W a ll :  The sp iroth eca  is  c o m p o s e d  o f  tectum  and a f in e -te x tu re d  k e r io t h e c a . 
A thick  ep ith eca  o c c u r s  a b o v e  the tectum  in the first  three v o lu t i o n s , b e ­
com ing much l e s s  so  in the outer v o lu t io n s .  Protheca th ick n e s s  in c r e a s e s  
regularly  w ith  mean v a lu e s  fo r  the f irst  through eighth v o lu t io n s  o f:  9 . 0 / 3 ,  
1 2 . 1 / 3 ,  1 6 . 9 / 3 ,  2 7 . 0 / 3 ,  4 3 . 1 / 3 ,  4 8 . 6 / 3 ,  5 1 . 7 / 1 ,  and 7 1 . 5 / 1  m icro n s .
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Chomata: Rudimentary chomata occu r  on the first three volutions and are 
continuous with the heavy ep itheca l depos its  on these vo lu tion s .  P seu d o -  
chomata irregularly occur as th ickenings at the base of the septal loop s  
adjacent to the tunnel in the su cceed in g  1 to 1 .5  volutions.
Axial Deposits: Secondary d ep os its  may occur in the axial region o f  the 
shell in all but the last two v o lu t ion s .  When present, they are con fined  
to a narrow zone along the axis  and are interrupted with lo ca l  c o n c e n ­
trations at the polar region o f  each  vo lu tion .
Tunnel: The tunnel is narrow and w e ll  defined in the inner v o lu t io n s , 
where it expands evenly along an irregular path. Mean values for tunnel 
width for volutions one through four are: . 0 4 /3 ,  . 0 6 /3 ,  . 1 1 / 3 ,  and
.2 1 /2  mm.
Septa: Folding of the septa is  h igh , narrow, and rather regular throughout 
the test . Salients frequently reach the succeeding chamber. Sides o f  
individual arches are more commonly parallel than con vex . Arches may 
be filled with secondary d ep os its  in the inner volutions.
Form Ratio: Average values of form ratio for volutions one through eight 
are: 1 .1 7 /3 ,  2 . 0 3 /3 ,  2 . 3 5 / 3 ,  2 . 7 7 / 3 ,  3 . 0 1 /3 ,  2 .9 4 /3 ,  4 . 0 4 / 1 ,  and
3 .3 9 /1 .
Tightness o f  Spire: The juvenarium is much more tightly co i led  than the 
remainder o f  the shell ,  and expands regularly. Expansion in creases
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abruptly by the third or fourth volution . Mean values for percent increase 
o f each succeeding volution are: 5 0 .8 /3 ,  4 5 . 8 / 3 ,  4 6 . 9 / 3 ,  5 7 .9 /3 ,  
6 8 . 4 / 3 ,  4 4 . 4 / 1 ,  and 5 8 .0 /1 .
Proloculus: The initial chamber is small with mean values for the maximum 
and minimum outside diameter of 86 .0  and 7 5 .0  microns.
D iscu ss ion
The tightly co iled  juvenarium and elongate form o f  the shell 
together make this a very d istinctive  form of Schwagerina. Unfortunately, 
too few  specim ens were found to formally designate  a s p e c ie s .
Occurrence and Material
Schwagerina sp .  B occurs  in sample RC-23 o f  Zone D from the 
lower part o f  the Limestone Member.
This description is based on three axial s e c t io n s .
Catalogue Numbers
UA2195 through UA2197.












T a b l e  2 2 .  R e g r e s s i o n  A n a l y s i s  f o r  S ch w a ge r i n a  s p .  B
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
N r 20 20 20 20
* r x . 91 3 . 3 0 6 .306 2 9 . 6 6 5
XI 3 . 30 6 . 9 1 3 2 9 . 6 6 5 . 30 6
SRX . 97 6 .271 .271
1 9 . 0 9 4
SRY . 271 . 9 7 6 1 9 . 0 9 4 .271
r . 982 . 982 . 935 . 935
K . 27 3 3 . 537 6 5 . 8 4 3 . 01 3
S.E •K . 012 . 159 5 . 9 1 3 .001
b . 05 7 -  . 1 6 8 9 . 5 4 0 -  . 0 8 8
S.E * e s t . . 052 . 18 8
6 . 9 8 4 .099
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Schw agerina  s p .  C 
Plate 6 ,  f i g s . 9 -1 2  
Table  2 3
D ia g n o s is
Shape: The test  is  fusiform  to  s u b c y l in d r ic a l  w ith  broad ly  rounded p o l e s .  
The a x is  o f c o i l in g  is  straight or irregu larly  a rch e d .
S ize :  Individuals  o f  6 .5  to  7 v o lu t io n s  range in length  from about 4 .5  to 
6 mm and in w idth from 1 .5  to 1 .9  mm.
H alf Length: M ean v a lu e s  o f  h a lf  length  for  v o lu t io n s  on e  through se v e n  
are: . 1 3 / 3 ,  . 2 9 / 3 ,  . 5 2 / 3 ,  . 8 2 / 3 ,  . 1 . 2 5 / 3 ,  2 . 0 2 / 3 ,  and 2 .9 1 /2  mm
r e s p e c t iv e ly .
Radius Vector: The a verage  radius v e c t o r s  fo r  the f irs t  through seventh  
vo lu t ion s  are: . 0 9 / 3 ,  . 1 3 / 3 ,  . 2 1 / 3 ,  . 3 2 / 3 ,  . 4 5 / 3 ,  . 6 0 / 3 ,  and
.9 2 / 2  mm.
W a l l :  The sp irotheca  is  c o m p o s e d  o f  tectum  and a f in e -te x tu re d  
k e r io th e ca .  The ep ith eca  is  light to  a b s e n t .  The protheca  is thin but 
in c r e a s e s  abruptly in the la s t  v o lu t io n .  M ean  v a lu e s  for protheca th ic k ­
n e s s  are: 1 4 . 1 / 3 ,  1 5 . 6 / 3 ,  2 3 . 5 / 3 ,  2 6 . 3 / 3 ,  3 1 . 2 / 3 ,  3 8 . 3 / 3 ,  and 7 2 . 9 / 2  
m icrons r e s p e c t iv e ly .
Chomata: Low chomata are present on the p ro lo cu lu s  and regularly  o c c u r
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on the first three volutions. Pseudochomata occur irregularly on the 
succeeding two volutions as secondary thickenings of the base of septa 
adjacent to the tunnel. Secondary deposits sometimes occur in an arch 
above the tunnel continuous with pseudochomata.
Axial D eposits: Axial filling is massive and occurs in a ll specimens.
The last one or two volutions generally lack these deposits .
Tunnel: The tunnel is narrow and easily  d iscernable in the inner volutions, 
where it is bordered by chomata and pseudochom ata. The path is straight 
to slightly irregular. Mean values of tunnel width for the proloculus 
through the third volution are: .0 3 /2 ,  . 0 5 /3 ,  .0 9 /3 ,  and .1 8 /2  mm.
Septa: Fluting is strong and regular. Arches frequently reach the base of 
the succeeding chamber. Individual arches commonly are narrow with sub­
parallel s id e s .  The apices often appear stretched or extended in the outer 
volutions. Septal loops are generally fi l led  with secondary deposits in 
the volutions of the juvenarium.
Form Ratio: Mean values for form ratio for volutions one through seven 
are: 1 .4 3 /3 ,  2 .2 1 /3 ,  2 .4 3 /3 ,  2 .5 5 /3 ,  2 .7 8 / 3 ,  3 .3 7 /3 ,  and 3 .1 4 /2 .
Tightness o f  Spire: The shell is more tightly co i led  in the juvenarium and 
expands irregularly. Mean values for percent increase o f each succeeding 
volution are: 5 0 .9 /3 ,  6 0 .3 /3 ,  5 1 .1 /3 ,  4 0 . 7 / 3 ,  3 3 .1 /3 ,  and 4 6 .1 /2 .













T a b l e  2 3 .  R e g r e s s i o n  A n a l y s i s  f or  S c h w a qe r i na  s p .  C
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV__________________ RV/PT
N r 20 20 20 20
*RX 1 . 0 4 5 . 362 . 362 2 6 . 6 4 0
*RY . 362 1 . 045 2 9 . 6 4 0
.362
SRX
. 917 . 263 . 26 3 1 7 . 4 6 2
SRY . 263 . 917 1 7 . 4 6 2
. 26 3
r . 989 . 98 9 . 9 3 8 . 9 3 8
K . 284 3 . 4 4 6 62 . 198 . 014
S . E . ^ . 010 . 120 5 . 4 1 0 .001
b . 065 -  . 203 7 .  125 -  . 057
S - E - e s t . . 040 . 138 6 . 2 1 2 . 094
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Proloculus: The proloculus is small with mean values o f  the maximum and 
minimum outside diameter o f  126 .9  and 108.9  microns in three sp ec im en s .
D iscu ss ion
The m assive  ax ia l fil l ing  and highly fluted septa are characteristic  
of several Artinskian forms o f  this gen u s .  Schwagerina sp . C d oes  not 
c lo s e ly  resembly any d escr ibed  sp ec ie s  known to the writer.
Occurrence and Material
Schwagerina sp .  C occurs  in the lower part o f  the Limestone 
Member. The apparent range o f  this s p e c ie s  co in c id es  with the limits of 
Zone E.
This descr ip tion  is  based on three axial and four oblique s e c t io n s .
Catalogue Numbers
UA2198 through UA2204.
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Schwagerina rainyensis P etocz ,  n. sp.
Plate 6 , f i g s . 1-8 
Tables 24 and 25
Diagnosis
Shape; Most specimens are subelliptica l and extended, but several 
individuals are subcylindrical with broadly rounded to bluntly pointed 
p o les .  The axis of coiling is straight.
Size: Individual o f 7 to 7 .5  volutions range from 7 .4  to 10.6 mm in length 
and from 1.7  to 2 .9  mm in width. Accurate measurement o f outer volutions 
were difficult due to erosion o f the specim ens.
Number of Volutions: Specimens w ich  are considered mature p ossess  6 .5  
to 7.5  volutions .
Half Length: The mean half lengths for the first through seventh volutions 
are: .2 5 /6 ,  , 5 1 /6 ,  .8 4 /7 ,  1 .4 0 /6  , 2 .4 8 /7 ,  3 .6 6 /7 ,  and 4 .4 2 /5  mm.
Radius Vector: Mean values for radius vector for volutions one through six 
are: .1 4 /7 ,  . 2 2 /7 ,  .3 1 /7 ,  .4 4 /7  , . 6 6 /7 ,  and 1 .0 1 /7  mm resp ect iv e ly .
W all: The spirotheca is com posed o f  tectum and a moderately fine-textured 
keriotheca and is o f  uniform th ickness throughout the shell. W all structure 
was difficult to observe in several specimens due to poor preservation.
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The epitheca is thin to absent. The mean values for protheca thickness 
for the first through the sixth volutions are: 1 7 .8 /6 ,  2 3 .8 /7 ,  2 8 .1 /7 ,
39 .2 /6 ,  5 3 .8 /7  , and 7 3 .3 /6  microns.
Chomata: Chomata are not present in this sp e c ie s .  Poorly developed 
pseudochomata are present on the inner volutions as secondary thicken­
ings on septa adjacent to the tunnel. These are difficult to recogn ize  as 
all septal loops along the midplane of the inner volutions are filled  with 
dense secondary depos its .
Axial Deposits: Dense secondary deposits  occur along the axis of coiling 
and are particularly extensive in the first five volutions. Axial deposits 
are present in the outer volutions but are more loca lized  as coatings on 
the intensely fluted septa.
Tunnel: The tunnel is very narrow and low , less  than one-half the 
chamber height in the available sagittal section of the s p e c i e s . The 
tunnel path is slightly irregular where it can be observed in the volutions 
bordered by pseudochomata. The path may be obscured by fluted septa in 
the outer volutions. Mean values for tunnel width in the first through 
third volutions are: .0 8 /4 ,  . 1 1 /4 ,  and .0 9 /3  mm.
Septa: The septa are regularly and intensely fluted from pole to po le .  
Septa are rather thick and are folded into high narrow arches which 
commonly reach the base of succeeding volutions. Septal arches are
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th ick en ed  at their  a p ex  and may be  p artia lly  or en t ire ly  f i l le d  with s e c o n d ­
ary d e p o s i t s ,  particu larly  in the inner v o lu t io n s .  P oor ly  d e v e lo p e d  
p h ren oth eca e  o c c u r  but are g en era lly  rare to  a b s e n t .  N o c u n ic u l i  w ere  
o b s e r v e d .  Septal cou n ts  for v o lu t ion s  three through s e v e n  are: 2 4 ,  2 8 ,
32 , 42 , and 4 2 .
Form Ratio: M ean  va lu es  for form ratio  for the f irs t  through sixth  v o lu t io n s  
are: 1 . 8 1 / 6 ,  2 . 4 2 / 6 ,  2 . 7 5 / 7 ,  3 . 1 7 / 6 ,  3 . 6 9 / 7 ,  and 3 . 5 6 / 7 .
T ig h tn ess  o f  Spire: The juvenarium is  more t ightly  c o i l e d  than the rest  o f  
the s h e l l .  E xpansion  is  fa irly  regular w ith  mean v a lu e s  for p ercen t  
in c r e a s e  o f  s u c c e e d in g  vo lu t ion s  o f :  5 1 . 1 / 7 ,  4 2 . 4 / 7  , 4 3 . 8 / 7  , 5 0 . 3 / 7  , 
and 5 2 . 5 / 7 .
P ro lo cu lu s :  The a vera ge  maximum and minimum diam eters  fo r  the in it ia l  
cham ber are 1 9 6 . 6 / 7  and 1 7 7 .7 /4  m icro n s .
D i s c u s s i o n
Schw agerina  ra in y en s is  n .  s p .  is  s im ilar in shape  and w a l l  structure 
to  som e form s o f  S_. hyperborea (Salter) w h ich  o c c u r  in s im ilar h o r iz o n s .  
H o w e v e r ,  th e s e  tw o  s p e c ie s  d if fe r  abruptly in many other  c h a r a c te r s .  I 
d o  not know o f  any other s p e c ie s  w ith  w h ich  it might be  c o n fu s e d .












Ta b l e  2 4 .  R e g r e s s i o n  A n a l y s i s  f o r  S c h w a g e r i n a  r a i n y e n s i s
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
% 38 38 38 38
XRX 1 . 5 6 8 .482 .482 3 9 . 9 4 5
X
!
f< . 482 1 . 568 3 9 . 9 4 5 .482
SRX 1 . 2 4 3
. 312 . 312 2 4 . 2 3 5
SRY .312 1 . 243
2 4 . 2 3 5 . 312
r . 9 6 0 .960 . 897 .897
K . 24 1 3 . 8 2 1 6 9 . 5 5 8 . 012
S . E . £ . 012 . 185 5 . 7 2 7 .001
b . 103 -  . 272 6 . 4 3 6 . 020
S . E .  *e s t . . 0 8 8













V olu tion HL 1 2 3 4 5 6 7 8
N 6 6 7 6 7 7 5 1
M a x .  Value .3 0 8 .7 4 8 1 .191 1 .732 3 .5 7 2 5 .3 9 9 5 .2 4 1 5 .1 5 3
M in .  Value . 167 .3 4 4 .5 9 7 .8 8 6 1 .4 1 4 2 . 145 3 .3 0 3 5 .1 5 3
X .2 4 8 .512 .8 4 4 1 .3 9 7 2 .4 7 8 3 .6 6 1 4 .4 2 0 -
S .0 5 3 .1 3 8 . 196 .3 4 0 .857 1 .1 2 5 .991 -
C . V . 21 .1 2 6 .9 2 3 .2 24 .3 3 4 .6 3 0 .7 22 .4 -
S . E . .021 .0 5 6 .0 7 4 .1 3 9 .3 2 4 .4 2 5 .4 4 3
V olu tion RV 1 2 3 4 5 6 7 8
N 7 7 7 7 7 7 1 1
M a x .  Value .1 6 6 .2 4 9 .3 6 8 .5 5 8 .77 7 1 .2 2 6 1 .1 2 8 1 .6 2 9
M in .  Value .117 . 158 .2 2 7 .3 3 6 .5 0 6 .7 4 4 1 .1 2 8 1 .6 2 9
X . 142 .2 1 5 .3 0 6 .4 4 0 .6 6 0 1 .0 1 0 - -
S .0 1 8 .032 .04 6 .072 .0 9 3 . 182 - -
C . V . 1 2 .7 1 5 .0 15 .1 1 6 .4 1 4 .1 1 8 .0 - -
S . E .0 0 7 .01 2 .0 1 7 .0 2 7 .0 3 5 .0 6 9 —
V olu t ion P ro . M in . P ro .  M a x .
N 4 7
M a x .  Value 2 1 5 .6 227 .7 T a b le  2 5 , Part 1 . O b s e r v e d  V aria tion  in
M in .  Value 1 3 8 .6 1 6 0 .6 S ch w a g er in a  r a in y e n s is
X 177 .7 1 9 6 .6
S 3 7 .1 2 8 .  1
C . V . 2 0 .9 1 4 .3
S .E 1 8 .6 1 0 .6
V olution FR 1 2 3 4 5 6 7 8
N 6 6 7 6 7 7 1 1
M a x .  Value 2 .62 3 .0 6 3 .3 8 4 .1 9 5 .4 2 4 .4 0 3 .0 0 3 .1 6
M in .  V alue 1 .40 2 .1 1 2 .1 3 2 .6 4 2 .5 9 2 .8 8 3 .0 0 3 .1 6
X 1 .8 1 2 .42 2 .7 5 3 .1 7 3 .6 9 3 .5 6 - -
S .4 4 .4 5 .4 2 .5 6 1 .0 0 .5 4 - -
C . V . 2 4 .4 1 8 .5 1 5 .4 1 7 .5 2 7 .2 1 5 .1 - -














V olu tion PT 1 2 3 4 5 6 7
N 6 7 7 6 7 6 1
M a x .  V alue 2 6 .4 3 4 .7 3 7 .4 5 3 .9 75 .2 1 0 6 .8 8 7 .5
M in .  V alue 1 2 .7 1 7 .1 2 0 .9 3 0 .3 3 9 .6 4 6 .8 8 7 .5
X 1 7 .8 2 3 .8 2 8 .1 3 9 .2 5 3 .8 7 3 .3 -
S 5 .5 6 .9 6 .6 8 .7 1 3 .8 2 2 .6 -
C . V . 31 .0 2 9 .1 23 .4 22 .2 25 .6 3 0 .9 -
S - E -X 2 .3 2 . 6 2 .5 3 .6 5 .2 9 .2 —
V olu tion TW 0 1 2 3 4
N 4 4 3 1
M a x .  V alue .082 .193 . 140 .302
M in .  V alue .06 5 .06 5 .031 .3 0 2
X .0 7 5 .1 0 8 .0 9 0 -
S .0 0 8 .0 5 8 .0 5 5 -
C . V . 1 0 .4 5 4 .0 6 1 .2 -
S .E . .0 0 4 .02 9 .03 2 —
V olu t ion TS 1-2 2 - 3 3 -4 4 - 5 5 - 6 6 -7 7 - 8
N 7 7 7 7 7 1 1
M a x .  V alue 6 5 . 6 5 1 .0 51 .4 6 0 .8 7 3 .2 5 1 . 6 44 .4
M in .  V alue 32 .8 3 4 .2 3 4 .5 3 9 .2 3 6 .2 5 1 .6 44 .4
X 51 .1 42 .4 43 .8 5 0 .3 52 .5 - -
S 1 2 .8 5 .4 6 .0 6 .5 1 1 .3 - -
C . V . 25 .0 1 2 .8 1 3 .7 1 2 .9 2 1 .5 - -
S - E - x 4 . 8 2 .1 2 .3 2 .5 4 . 3 — —




O ccu rren ce  and M ateria l
Schwagerina ra in y en s is  n .  s p .  o c c u r s  in Z on e  F o f  the Limestone 
M em ber in sam ples  W R M - 2 , W R M -6 ,  W R M -7 ,  and W R M -9 .
This d e s cr ip t io n  is  b ased  on eight a x i a l ,  on e  s a g i t ta l ,  and seven  
o b l iq u e  s e c t i o n s .
C a ta logu e  Numbers
H o lo ty p e ,  UA2206; p a ra typ es ,  U A 2205, and UA2207 through UA2217.
Schw agerina  m ankom enensis P e t o c z , n .  s p .
Plate 7 ,  f i g s . 1 -9  
T ab les  26 and 27
D ia g n os is
Shape: Specim ens may be e lon gate  fusiform  but are more com m only  s u b -  
c y l in d r ic a l  w ith  broad ly  rounded to  bluntly p o in ted  p o l e s . The a x is  o f  
c o i l in g  is straight or irregularly a rch e d .
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Size: Mature individuals o f  s ix  and a half to seven volutions range from 
8..0 to 10.6 mm in length, and from 2 .0  to 2 .2  mm in width.
Number of Volutions: All mature individuals have at least six volutions, 
and most possess  6 .5  or 7 volutions.
Half Length: Mean values o f  half length for the first through the seventh 
volutions are: .2 0 /8 ,  . 4 4 /8 ,  . 8 5 /8 ,  1 .4 2 /8 ,  2 .4 5 /8 ,  3 .8 4 /6 ,  and 
4 .9 5 /4  mm.
Radius Vector; The mean radius vectors for volutions one through seven 
are: .1 2 /8 ,  .1 9 /8 ,  . 2 9 /8 ,  . 4 4 /8 ,  .6 6 /8 ,  .9 4 /6 ,  and 1 .2 1 /2  mm resp ec ­
tively.
Wall: The spirotheca is com posed of a thin tectum and a finely textured 
keriotheca. W all structure is more generally diffuse and difficult to 
discern. Light epithecal d epos its  are uncommonly present on the tectum. 
The protheca is moderately thick and may reach 106 microns in the outer 
volution. Mean values o f protheca thickness from the first through the 
sixth volutions are; 1 4 .8 /8 ,  2 0 ,7 /8 ,  3 8 .2 /8 ,  4 4 .7 /8 ,  5 6 .3 /8 ,  and 
7 3 .5 /6  microns.
Chomata: Rudimentary chomata are present on the proloculus and volutions 
of the juvenarium in most specim ens. Poorly developed pseudochomata 
occur irregularly in succeeding volutions but are absent on the last two 
volutions of the tes t .  Secondary deposits may occur in an arch above the
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tunnel in the inner v o lu t i o n s .
Axia l D e p o s i t s :  A x ia l d e p o s i t s  o c c u r  in the v o lu t io n s  o f  the juvenarium  but 
may be more e x te n s iv e  in som e sp e c im e n s  (Plate 7 ,  f i g .  1 ).  C on s id era b le  
variation  e x is t s  in th is  ch a ra cte r .
Tunnel: The tunnel is  narrow in the inner v o lu t io n s  but may in cr e a s e  to 
1 /6  the length  o f  the te s t  in the outer v o lu t io n s  o f  som e s p e c im e n s .  The 
tunnel height is  l o w ,  about o n e -h a l f  that o f  the ch a m b e rs ,  a long  w h ich  it 
fo l lo w s  a stra ight to s l ig h t ly  irregular path . M ean  v a lu es  o f  tunnel widLh 
from the p ro lo cu lu s  through the f i fth  v o lu t io n  are: . 0 4 / 8 ,  . 0 6 / 8 ,  . 1 2 / 8 ,
. 2 4 / 4 ,  . 3 4 / 3 ,  and . 6 1 /2  mm.
Septa: The septa  are strongly  and som ew hat irregu larly  fo ld ed  throughout 
the t e s t .  Septal a rch es  tend  to  d e c r e a s e  in h e igh t  in the v ic in ity  o f  the 
m idp lane . The form o f  the a rch es  is  g e n e ra l ly  narrow or rounded w ith  
s e m i-p a ra l le l  s i d e s .  C u n icu li  w ere  not o b s e r v e d .  Septa l counts  for  tw o 
s p ec im en s  for  v o lu t io n s  on e  through f iv e  are: 1 3 ,  1 8 .5 ,  22 , 2 5 . 5 ,  and 
33 . .
Form Ratio: The c a lc u la te d  mean v a lu e s  o f  form ra tio  for  the f irst  through 
seventh  v o lu t io n s  are: 1 . 6 5 / 8 ,  2 . 4 0 / 8 ,  3 . 0 1 / 8 ,  3 . 3 0 / 8 ,  3 . 7 3 / 8 ,  4 . 0 8 / 6 ,  
and 4 .3 0 /2  .
T ightness  o f  Spire: The te s t  is  e v e n ly  c o i l e d  and expan ds  regu larly  until
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about the fifth vo lu t ion , when the percent increase drops abruptly, giving 
the shell a narrower pro f ile .  Mean values for percent increase o f  s u c c e e d ­
ing volutions are: 5 7 . 5 / 8 ,  5 5 . 0 / 8 ,  52 . 9 / 8 ,  5 1 .8 /8 ,  4 7 .5 /6  , and 4 0 . 0 / 2 .
Proloculus: The initial chamber is o f  a small to medium size  with mean 
values o f the maximum and minimum outside diameters of 1 6 5 .4 /8  and 
1 4 7 .3 /8  m icrons.
D iscussion
Schwagerina mankomenensis n. sp .  shows some sim ilarities in 
shell construction to S_. jenkinsi Thorsteinsson (Harker and Thorste insson , 
1960, p . 25-26) and Ross (1967) but is much smaller, has a thinner 
protheca, and more extensive  axial d e p o s its .  S_. juresanensis (Rauser- 
Chernousova) (1940, p . 91-92) from Lower Artinskian rocks in the south­
ern Urals agrees c l o s e ly  with S_. mankomenensis in most measured 
parameters. Sj. juresanensis  has more elongated, sp in d le -sh aped  inner 
volutions and ax ia l depos its  occurring only in the juvenarium.
S_. mankomenensis n . sp . , S_. juresanensis (Rauser-Chernousova), 
S_. hyperborea (Salter), and S_. jenkinsi Thorsteinsson are a ll e longate  
spec ies  of Schwagerina with similar evolutionary h is tor ies .  Their o cc u r ­
rence in the Arctic faunal realm suggests  a diversion from a common root 
stock that probably occurred in early to middle Artinskian time.













T ab l e  2 6 .  R e g r e s s i o n  A n a l y s i s  f or  S c h wa g e r i na  m a n k o m e n e n s i s
Lection RV/HL. H L / R " PT/RV RV/PT
n r
47 47 47 47
*RX 1 .5 2 1 . 435 . 435
41 .370
*RY . 435 1 . 5 2 1 4 1 . 3 7 0 . 435
SRX 1 . 377 . 30 6 . 30 6 2 2 . 8 6 8
SRY . 306
1 . 3 7 7 2 2 . 8 6 8 .306
r . 974 .974 . 915 . 915
K . 217 4 . 3 8 1 6 8 . 3 6 7 . 012
S . e . k . 008 . 151 4 . 4 8 7 . 001
b . 105 -  . 384 1 1 . 6 4 8 -  . 072
S . E .  . e s t . . 070













V olu tion HL 1 2 3 4 5 6 7
N 8 8 8 8 8 6 4
M a x .  Value .2 4 6 .6 1 3 1 .0 9 9 1 .7 2 5 3 .0 8 3 4 .9 8 2 5 .5 0 4
M in .  V alue .131 .361 .6 8 6 1 .2 4 0 1 .8 9 3 2 .6 7 0 4 .3 4 6
X . 195 .44 2 .8 5 4 1 .42 4 2 .4 5 4 3 .8 3 7 4 .9 5 2
S .0 4 5 .0 8 0 .132 .1 5 7 .3 8 0 .8 7 0 .479
C . V . 22 .9 1 8 .0 15 .4 1 1 .0 1 5 .5 22 .7 9 .7
S - E - x .0 1 6 .0 2 8 .04 7 .0 5 5 .134 .3 5 5 .2 4 0
V o lu t ion RV 1 2 3 4 5 6 7
N 8 8 8 8 8 6 2
M a x .  Value .15 3 .2 1 7 .3 2 8 .52 2 .7 4 8 1 .0 8 6 1 .3 0 7
M in .  V a lue .08 5 .1 3 4 .2 2 6 .3 5 0 .541 .7 9 8 1 .1 1 3
X .1 1 8 . 185 .2 8 6 .4 3 8 .662 .93 5 1 .2 1 0
S .0 2 0 .0 2 7 .0 3 4 .0 6 0 .081 .1 1 8 .13 7
C . V . 1 7 .3 1 4 .5 1 1 .9 1 3 .7 12 .3 1 2 .7 1 1 .3
S . E .00 7 .0 1 0 .012 .021 .0 2 9 .0 4 8 .09 7
V o lu t ion P r o . M i n . P r o . M a x .
N 8 8
M a x .  Value 1 6 2 .8 1 9 4 .2 T a b le  27 , Part 1. O b s e r v e d  V aria tion  in
M in .  V a lue 1 1 4 .4 1 4 3 .6 S ch w a g er in a m a n k om en en s is
X 1 4 7 .3 1 6 5 .4
S 1 8 .8 1 6 .8
C . V . 12 .8 1 0 .1
S . E . 6 .6 5 .9
V o lu t ion FR 1 2 3 4 5 6 7
N 8 8 8 8 8 6 2
M a x .  Value 1 .8 8 3 .09 3 .72 4 .4 1 4 .7 4 5 .2 8 4 .3 9
M in .  Value 1 .0 8 1 .9 4 2 .3 8 2 .5 6 3 .17 3 .2 2 4 .2 1
X 1 .65 2 .4 0 3 .0 1 3 .3 0 3 .7 3 4 .0 8 4 .3 0
S .2 6 .4 0 .54 .5 9 .5 9 .7 0 .13
C . V . 15 .7 1 6 .8 1 8 .0 1 7 .9 15 .7 1 7 .1 3 .0













V olu t ion PT 1 2 3 4 5 6 7
N 8 8 8 8 8 6 1
M a x .  V alue 1 9 .8 2 7 .0 4 6 .2 5 4 .5 6 7 .7 102 .2 1 0 5 .7
M in .  V alue 1 1 .0 17 . 1 2 6 .4 3 4 .7 3 8 .5 6 3 .3 1 0 5 .7
X 14 .8 2 0 .7 3 8 .2 4 4 .7 5 6 .3 7 3 .5 -
S 2 . 7 3 .6 6 .6 7 .2 1 1 .1 1 4 .4 -
C . V . 1 8 .2 1 7 .3 1 7 .4 1 6 .2 1 9 .7 1 9 .5 -
S . E . - 1 .0 1 .3 2 .3 2 . 6 3 .9 5 .9 —
V olu t ion TW 0 1 2 3 4 5
N 8 8 8 4 3 2
M a x .  V alue .0 3 8 .0 6 9 . 140 .3 7 0 .381 .6 6 3
M in .  V a lue .03 2 .0 4 2 .09 7 .1 3 9 .2 8 6 .5 6 5
X .035 .0 5 7 .1 1 8 .23 7 .3 3 8 .6 1 4
S .002 .0 0 9 .0 3 0 .09 7 .0 4 8 .0 6 9
C . V . 6 .0 1 6 .1 25 .7 4 0 .9 1 4 .2 1 1 .3
S - E - x .001 .0 0 3 .011 .0 4 8 .0 2 8 .0 4 9
V o lu t io n TS 1 -2 2 - 3 3 -4 4 -5 5 - 6 6 -7
N 8 8 8 8 6 2
M a x .  V alue 7 1 .9 72 .9 6 8 .5 7 6 .0 59 .2 3 9 .4
M in .  V a lue 4 1 .7 4 1 .3 4 0 .1 4 1 .0 42 .8 3 8 .5
X 5 7 .5 55 .0 52 .9 5 1 .8 4 7 .5 3 9 .0
S 9 . 6 1 1 .4 8 .9 1 1 .9 5 .9 .6
C . V . 1 6 .6 2 0 .8 1 6 .9 23 .0 12 .5 1 .6
S . E . 3 .4 4 . 0 3 .2 4 .2 2 . 4 .5
T a b le  27 , Part 2 . O b s e r v e d  V aria t ion  in S ch w a g er in a  m a n k om en en s is
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O ccu rren ce  and M ateria l
Schwagerina m ankom enensis  n .  s p .  is  found in Zone F o f  the Lime­
s ton e  M em ber w here it o c c u rs  in sa m p les  W R M -3 ,  W R M - 3 .5 ,  W R M - 4 .5 ,  
and W R M -8 .
This d e s c r ip t io n  is  b a se d  on e igh t a x ia l ,  two sag itta l  and two 
o b l iq u e  s e c t i o n s .
C ata logu e  Numbers
H o lo ty p e ,  UA2224; p a ra ty p e s ,  UA2218 through UA2223 , and 
UA2225 through UA2229.
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Schwagerina hyperborea (Salter)
Plate 7 , f ig s .  10-14 ; Plate 8 , f i g s .  1-4 and 8 
Tables 28 and 29 
Fusulina hyperborea Salter, 1855, p .  380, Plate 36, f ig s .  1 -3 .  
Schwagerina hyperborea (Salter), Thorste insson , 1960 , p. 2 6 -2 7 ,  Plate 
6, f ig s .  1 -6 ;  Plate 7 ,  f i g s .  1 -3 .
Schwagerina hyperborea (Salter), R o s s ,  1967, p .  721-722 , Plate 84, 
f ig s .  1 5 -18 .
Diagnosis
Shape: The shell may be elongate fusiform but more commonly is su b - 
cyclindrica l with broadly rounded p o le s .  The axis of co iling is straight 
to broadly arching. M ost specim ens are slightly constricted along the 
midplane in the v ic in ity  of the tunnel.
Size: The test  is large and specim ens of 7 to 7 .5  volutions range in 
length from about 8 .9  to 13.2 mm, and in width from 3.1 to 3 .5  mm.
Number o f Volutions: All specim ens examined were considered mature 
individuals and p o s s e s s e d  at least  s ix  vo lu t ion s ,  with most specimens 
having 7 to 7 .5  volu tions.
Half Length: Mean half lengths for the first through seventh volutions 
are: . 2 0 /9 ,  . 4 5 /9 ,  . 8 1 /9 ,  1 . 3 9 / 7 ,  2 . 5 3 / 9 ,  4 .0 0 /9 ,  and 4 .9 6 /6  mm.
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R adius V ector : M ean  v a lu e s  fo r  rad iu s  v e c t o r  for  v o lu t io n s  1 through 7 .5  
a re : . 1 1 / 9 ,  . 1 7 / 9 ,  . 2 8 / 9 ,  . 4 3 / 9 ,  . 6 8 / 9 ,  1 . 0 4 / 9 ,  1 . 4 5 / 6 ,  and 1 .6 7 / 2
mm r e s p e c t iv e ly .
W a l l :  The sp iro th eca  is  c o m p o s e d  o f  tectu m  and a com p a ra tiv e ly  f i n e -  
tex tu red  k e r io t h e c a . A lv e o l i  are r o d - s h a p e d  and c l o s e l y  s p a c e d ,  but 
a p p e a r  d i f f u s e .  Very l igh t  e p i t h e c a l  d e p o s i t s  o c c u r  on the tectum  in the 
inner v o lu t io n s .  T h ese  d e p o s i t s  are  a lm o s t  n o n -e x is te n t  on  the la s t  
ch a m b ers  o f  the t e s t .  The p ro th eca  in c r e a s e s  co n s id e r a b ly  in th ick n e s s  
from  the f irs t  through the  la s t  (7 .5 )  v o lu t io n s  with mean v a lu e s  o f:
1 6 . 0 / 9 ,  2 1 . 5 / 9 ,  3 0 . 7 / 8 ,  4 1 . 6 / 9 ,  5 9 . 4 / 9 ,  8 6 . 0 / 9 ,  9 7 . 9 / 4 ,  and 1 1 8 . 1 / 2  
m icron s  r e s p e c t iv e ly .
C hom ata : True chom ata w e re  n ot  r e c o g n iz e d  in any o f  the study s p e c i ­
m e n s .  W e l l  d e v e lo p e d  p se u d o c h o m a ta  are  present as  se co n d a ry  t h ic k ­
e n in g s  o f  septa  a d ja c e n t  to  the tu n n el path on the f irs t  three or four 
v o lu t i o n s .  T h ese  may or m ay n o t  o c c u r  on  the outer v o lu t io n s .  C h o m a ta -  
l ik e  d e p o s i t s  are presen t  on  th e  p r o l o c u lu s ,  but a ppear  to be l o c a l  
th ic k e n in g s  con t in u ou s  w ith  s e c o n d a r y  d e p o s i t s  w h ich  e n co m p a ss  the 
in i t ia l  ch a m ber .
A x ia l  D e p o s i t s :  H eavy  a x ia l  d e p o s i t s  are present w ithout e x c e p t io n  in 
the inner four to  f iv e  v o lu t io n s  o f  the s h e l l .
T unnel: The tunnel path is  s l ig h t ly  irregular where it is  d is t in g u is h e d  by
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bordering p s e u d o c h o m a ta .  Tunnel height is  qu ite  l o w ,  l e s s  than o n e -h a l f  
chamber height in a l l  v o lu t i o n s .  The w idth in c r e a s e s  markedly in the outer 
vo lu tion s  w ith  the fo l lo w in g  mean v a lu e s  for  the p ro locu lu s  through the 
sixth vo lu t ion : . 0 4 / 8 ,  . 0 7 / 9 ,  . 1 0 / 8 ,  . 1 5 / 5 ,  . 3 5 / 2 ,  .3 6 /1  , and . 7 6 /2  
mm.
Septa: The septa  are fa ir ly  regu la r ly  and in te n se ly  fluted from p o le  to 
p o le ,  w ith  sa lie n ts  com m only  tou ch in g  the b a s e  o f  s u cc e e d in g  v o lu t io n s .  
The fo ld in g  g en era l ly  d e c r e a s e s  som ew hat in height in the v ic in ity  o f  the 
tunnel. Septa in the outer v o lu t io n s  may retain their height and c r o s s  
the tunnel path in broad a r c h e s .  Septa l l o o p s  com m only  are partia lly  or 
entirely  f i l le d  w ith  s e co n d a ry  d e p o s i t s ,  particu larly  in the inner v o lu t io n s .  
Low , narrow c u n ic u l i  w ere  o b s e r v e d  in on ly  on e  sp ec im en  (Plate 8 ,  f i g .  8) 
but are norm ally a b se n t  in th is  s p e c i e s .  M ean septa l cou n ts  for  the first  
through sixth  v o lu t io n s  are: 1 1 /2  , 1 9 /3 ,  2 3 . 7 / 3  , 23 .  3 / 3 ,  2 6 / 3 ,  and 
3 1 /3 .
Form Ratio: M uch  v a r ia b i l i ty  e x i s t s  in the com puted  form ratios  due to  
the variation  in the fusiform  to  s u b cy l in d r ica l  p ro f i le  o f  the t e s t .  M ean 
va lu es  o f  the f irs t  through sev en th  v o lu t ion s  are: 1 .7 9 /9  , 2 . 5 5 /9  ,
2 . 9 0 / 9 ,  3 . 2 5 / 7 ,  3 . 7 2 / 9 ,  3 . 8 5 / 9 ,  and 3 . 4 4 / 6 .
T ightness o f  Spire: The te s t  is  m ore t igh tly  c o i l e d  in the inner 2 to 2 .5  
v o lu t io n s .  M ean  p ercen tag e  in c r e a s e  o f  s u c c e e d in g  cham bers from 
vo lu tion s  1 -2  through 6 -7  are: 5 4 . 6 / 9  , 5 9 . 3 / 9  , 5 3 . 7 / 9 ,  5 8 . 4 / 9 ,
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5 3 .1 /9 ,  and 4 5 .4 /6 .
Proloculus: The proloculus is variable in s ize  and ranges from 145.8 to
227.2 microns for the maximum outside diameter. Mean values for the 
maximum and minimum outside diameter are 1 7 2 .3 /9  and 1 45 .5 /9  microns.
D iscussion
Species o f  Schwagerina hyperborea (Salter) from the Upper Delta 
River section  are of slightly smaller s ize  than the specimens described 
by Thorsteinsson (Harker and Thorsteinsson, 1960, p . 2 6 -28 ) ,  and Ross 
(1967). The Alaskan fauna contains more stout-subcylindrical forms such 
as that illustrated by Thorsteinsson (Harker and Thorsteinsson, 1960, 
Plate 7 , f ig .  1). All other characteristics agree satisfactorily for this 
s p e c ie s .
S . juresanensis (Rauser-Chernousova) from Lower Artinskian 
deposits in the Urals has the same variation in forms as S^ . hyperborea 
(Salter), and is similar in other aspects  o f  morphology. The two species  
differ in s iz e ,  protheca th ickness , and extent o f axial d epos its .  S. 
vissarionovae (Rauser-Chernousova) a lso  from Lower Artinskian rocks 
in the Urals, is somehwat similar in s ize  and shape. Parafusulina 
durhami Thompson and M iller from the Upper Leonard of the Glass Moun­
tains in west Texas is similar in most aspects  to S_. hyperborea but has 
regularly formed low cu n icu li .  S_. setum (Dunbar and Skinner) from the












Table 28.  Regression Analysis  for Schwagerina hyperborea
Select i on___________________ RV/HL___________________ HL/RV___________________ PT/RV____________________RV/PT
n r
55 55 55 55
£
IX 1 .847 .529 .529 47.669
XRY .529
1 .847 47.669 .529
SRX 1 .690
.419 .419 31.934
SRY .419 1 .690
31.934 .419
r .976 .976 .943 .943
K .242 3.936 71.863 .012
s . E . k .007 . 121 3 .494 .001
b .082 -  .234 9.692 -  .061













V olu tion HL 1 2 3 4 5 6 7 8
N 9 9 9 7 9 9 6 1
M a x .  Value .23 0 .541 1 .0 6 3 1 .72 2 3 .4 5 7 5 .3 6 6 5 .6 7 1 6 .5 9 0
M in .  Value .112 .3 5 8 .5 9 7 .92 2 1 .6 2 0 2 .8 8 0 4 .4 3 5 6 .5 9 0
X .202 .4 4 6 .8 0 8 1 .3 8 7 2 .527 3 .9 9 6 4 .9 6 1 -
S .0 3 5 .06 5 .1 5 2 .2 5 2  ■ .661 .81 2 .4 7 9 -
C . V . 1 7 .5 1 4 .6 1 8 .9 1 8 .2 2 6 .1 2 0 .3 9 .7 -
S -E *x .012 .02 2 .051 .0 9 5 .2 2 0 .271 .1 9 6 *“
V olu t ion RV 1 2 3 4 5 6 7 8
N 9 9 9 9 9 9 6 2
M a x . Value .149 .1 8 7 .321 .51 1 .81 7 1 .3 0 1 1 .7 8 0 1 .6 6 9
M in .  V alue .099 .165 .2 5 6 .3 7 9 .5 6 3 .8 3 3 1 .25 5 1 .6 6 8
X .1 1 4 . 174 .2 7 8 .4 2 8 .6 7 7 1 .0 3 9 1 .4 5 2 -
S .015 .0 0 8 .0 2 3 .0 4 6 .08 1 . 149 .1 7 5 -
C . V . 1 3 .0 4 . 6 8 .4 1 0 .8 1 1 .9 1 4 .3 12 .0 -
S .E .005 .0 0 3 .008 .0 1 5 .0 2 7 .0 5 0 .071 —
V olu t ion P ro . M in . P ro .  M a x .
N 9 9
M a x .  Value 1 7 7 .7 2 2 7 .2 T a b le  29 , Part 1. O b s e r v e d  V aria tion  in
M in .  V alue 1 2 8 .2 145 .8 S ch w a g er in a  h yperborea
X 1 4 5 .5 1 7 2 .3
S 1 8 .9 2 7 .8
C . V . 1 3 .0 1 6 .1
S .E . j f 6 .3 9 .3
V o lu t ion FR 1 2 3 4 5 6 7 8
N 9 9 9 7 9 9 6 1
M a x .  Value 2 .2 1 0 2 .89 0 3 .72 0 3 .7 7 0 4 .9 5 0 5 .0 7 0 4 .09 0 3 .9 5 0
M in .  Value 1 .1 3 0 2 .1 3 0 2 .2  60 2 .0 0 0 2 .5 5 0 3 .0 9 0 3 .0 1 0 3 .9 5 0
X 1 .7 9 2 .5 5 2 .9 0 3 .3 0 3 .7 2 3 .8 5 3 .4 4 -
S .34 .2 8 .47 .6 9 .82 .61 .42 -
C . V . 19 .1 1 1 .1 1 6 .1 2 1 .3 22 .0 1 5 .8 12 .1 -













V olu tion PT 1 2 3 4 5 6 7 8
N 9 9 8 9 9 9 4 2
M a x .  Value 1 8 .7 3 1 .4 4 3 .5 5 3 .9 1 0 3 .5 135 .9 1 1 2 .3 1 2 7 .1
M in .  Value 1 2 .7 1 6 .5 2 3 .1 3 4 .1 4 4 . 6 5 9 .4 8 6 .9 1 0 9 .0
X 1 6 .0 2 1 .5 30 .7 4 1 .6 5 9 .4 8 6 .0 9 7 .9 1 1 8 .1
S 2 .1 4 . 8 7 .2 6 .4 17 .5 2 5 .7 1 0 .6 1 2 .8
C . V . 1 2 .8 22 .4 23 .4 1 5 .4 2 9 .5 2 9 .9 1 0 .9 1 0 .8
S . E . .7 1 .6 2 .5 2 .1 5 . 9 8 .6 5 .3 9 .1
V o lu t ion TW 0 1 2 3 4 5 6
N 8 9 8 5 2 1 2
M a x .  Value .0 5 8 . 142 . 143 .2 3 7 .4 8 4 .3 6 2 .792
M in .  V alue .0 2 9 .0 4 0 .0 6 3 .1 1 5 .2 1 6 .3 6 2 .7 2 7
X .0 3 7 .0 7 3 .1 0 0 .1 5 2 .3 5 0 - .75 9
S .0 0 9 .0 2 8 .0 2 8 .0 4 8 .1 9 0 - .0 4 6
C . V . 2 5 .0 3 8 .9 2 8 .1 3 1 .9 5 4 .1 - 6 .1
S . E . .0 0 3 .0 0 9 .0 1 0 .02 2 .1 3 4 — .03 3
V o lu t ion TS 1-2 2 - 3 3 -4 4 -5 5 - 6 6 -7 7 - 8
N 9 9 9 9 9 6 2
M a x .  Value 6 9 .0 7 1 .7 6 7 .2 7 6 .9 6 6 .3 52 .6 32 .9
M in .  V alue 22 .7 45 .3 4 3 .8 3 8 .3 44 .9 3 4 .4 1 7 .2
X 5 4 .6 5 9 .3 53 .7 5 8 .4 5 3 .1 4 5 .4 2 5 .1
S 14 .6 8 .4 7 . 6 1 2 .2 7 .9 6 .6 11 .1
C . V . 2 6 .7 1 4 .1 14 .1 2 0 .8 1 4 .9 1 4 .6 44 .3
S . E . x 4 . 9 2 . 8 2 .5 4 .1 2 .6 2 .7 7 . 9
T a b le  29 , Part 2 . O b s e r v e d  V a r ia t ion  in S ch w a g e r in a  h y p erborea
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Leonard o f  the G uadalupe M ounta ins  in T e x a s  is  s im ilar  in con stru ct ion  to 
S . hyperborea but has more v o lu t io n s  and is  much la rger .  S_. jen k in s i  
T h ors te in sson  from the upper part o f  the  B e lch er  C hannel Formation in 
the C anadian  A r c h ip e la g o , and from the  Tahkandit Formation in northern 
Yukon Territory, is  more t igh tly  c o i l e d  and has l e s s  d e n s e  a x ia l  d e p o s i t s  
than S_. h y p erborea .
O ccu rre n ce  and M ateria l
Schwagerina hyperborea (Salter) o c c u r s  in Z on e  F o f  the L im estone 
M em ber in sam ples  W R M -3 ,  W R M - 4 . 5 ,  and W R M -8 .  The s p e c ie s  a ls o  
o c c u r s  in the Tahkandit Form ation in northern Yukon Territory (R oss ,  1967), 
and the upper part o f  the B elcher  C hannel Formation in the Canadian A rctic  
A rch ip e lag o  (Harker and T h o r s t e in s s o n , 1 9 6 0 ) .
This d e scr ip t io n  is  b a se d  on  s e v e n  a x ia l ,  three s a g i t ta l ,  and tw o 
o b l iq u e  s e c t i o n s .
C a ta log u e  Numbers
UA2231 through UA2243.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
149
G enus Eoparafusulina C o o g a n ,  1960;
Emend. Skinner and W i l d e , 1 9 6 5 .
Subgenus E oparafusulina R o s s ,  1967
Eoparafusulina m endenha lli  P e t o c z ,  n .  s p .
Plate 8 ,  f i g s .  5 -7 ;  Plate 9 ,  f i g s .  1 -1 4  
T ab les  30 and 31
D ia g n o s is
Shape: The sh e ll  is  su b cy l in d r ica l  to  c y l in d r ic a l  w ith  b roa d ly  rounded to 
truncate p o l e s .  M any s p e c im e n s  are  in fla ted  in the v ic in ity  o f  the m id­
p la n e .  The te s t  may be  stout or narrow w ith  c o n s id e r a b le  variation  
b e tw een  th ese  tw o ex tre m e s .  The a x is  o f  c o i l in g  i s  straight to  broadly  
a r ch e d .
S ize :  Ind iv iduals  o f  s e v e n  to  e igh t  v o lu t io n s  range in length  from 6 .6  to 
1 3 .5  mm and from 1 .7  to  3 .0  mm in w id t h .
Number o f  V olutions: Ind iv idua ls  that w ere  c o n s id e r e d  mature p o s s e s s  
at le a s t  6 to 6 .5  v o lu t ion s  with som e s p e c im e n s  having a s  many a s  e ight 
v o lu t i o n s .
H alf Length: M ean v a lu es  o f  half length  for  the f ir s t  through the eighth 
v o lu t ion  are: . 3 0 / 6 1 ,  . 6 0 / 6 0 ,  1 . 0 4 / 5 5 ,  1 . 6 7 / 4 7 ,  2 . 5 9 / 4 9 ,  3 . 6 8 / 3 9 ,  
5 . 0 0 / 1 9 ,  and 5 . 5 3 / 6  mm.
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Radius Vector: The average radius vectors for volutions one through eight 
are: .1 7 /6 1 ,  .2 5 /6 2 ,  .3 5 /6 0 ,  .4 9 /5 8 ,  .6 6 /4 9 ,  .9 1 /3 6 ,  1 .1 3 /16 , and 
1 .3 5 /4  mm respective ly .
Wall: The spirotheca is composed of tectum and a coarse-textured 
keriotheca. An alternation o f long and short a lveoli  are common in the 
outer volutions. The longer a lveo li  normally show thickened chamber 
ends, with considerable individual variation in this character. An 
epitheca is rare to absent on the tectum. The con s is ten cy  o f  the 
spirotheca is normally e v e n , except along the midplane in the immediate 
tunnel path, where it may show extreme thinning to less  than half its 
thickness outside the tunnel area. Since all individuals do not show 
this phenomena, there is considerable variation in protheca thickness 
in all volutions. The mean values for protheca thickness for volutions 
one through eight are: 1 6 .9 /5 9 ,  2 4 .6 /6 0 ,  3 3 .8 /5 7  , 4 5 .7 /5 9 ,  6 0 .1 /4 8 ,  
6 6 .9 /3 2 ,  8 3 .6 /1 4 ,  and 7 8 .9 /3  microns.
Chomata: Rudimentary chomata are irregularly present on the proloculus 
and first two or three volutions. Pseudochomata are w ell  developed in 
succeeding volutions. Secondary deposits frequently occur in a broad 
arch over the tunnel and connect the pseudochomata on either s ide .
Since the tunnel is wide in the outer volutions, the arch may appear as a 
" fa ls e  wall" within the volution (Plate 9 , f ig .  11).
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Axial Deposits: Light ax ia l  deposits  may occur but commonly are in the 
form of interrupted patches along the axis  at the junction of volutions. 
Several anomalous individuals have more dense axial deposits occurring 
in the first five vo lu tions . Many specimens are completely free o f these 
d e p o s its .
Tunnel: The tunnel is lo w ,  le s s  than half the chamber height, but the 
height varies considerably in all vo lu tion s . The path is straight to 
irregular and is generally discernable in a ll but the last volution . The 
tunnel is very wide with mean values for the proloculus through the sixth 
volution of: .0 7 /4 7 ,  . 1 4 /5 4 ,  . 2 5 /4 6 ,  .4 9 /4 1 ,  .6 9 /4 9 ,  1 . 0 8 /2 7 ,  and 
1 .32 /11  mm.
Septa: The septa are broadly wavy and irregular with only the lower 
portion of the septa being folded along the lateral s lo p e s .  Fluting appears 
as small loops less  than half the volution height on the lateral s lo p e s .
The septa are more intensely  folded at the p o le s .  Salients of opposing 
septa meet and are resorbed in the outer volutions, forming low and 
narrow cun icu li.  Primitive cuniculi are irregularly formed in the inner 
volutions. Individual arches are sometimes partially or entirely f i l led  
with secondary d ep os its .  Septal pores are common. Mean septal counts 
for the first through seventh volutions are: 1 0 /1 4 , 1 3 .9 /1 4 ,  1 6 .1 /1 4 ,  
1 8 .6 /1 2 ,  1 9 .7 /9 ,  2 5 . 2 / 6 ,  and 2 7 /2 .
Form Ratio: There are w ide d ifferences  in computed values o f form ratio
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due to the great amount o f  variation in the shell pro f ile .  Mean values for 
volutions one through eight are: 1 , 7 5 /6 0 ,  2 .3 9 /6 0 ,  2 .9 7 /5 4 ,  3 .4 2 /4 7 ,  
3 .8 2 /4 4 ,  4 .0 7 /3 2 ,  4 .1 0 /1 3 ,  and 3 .9 2 /3 .
Tightness of Spire: The test  is even ly  co i le d  and expands regularly until 
the eighth volution , which shows only  a slight increase . The percent 
increase of succeed ing  volutions is normally under 50%; computed mean 
values are: 5 0 . 3 / 6 1 , 4 1 . 9 / 6 0 ,  4 0 .2 /5 7 ,  3 9 .2 /4 9 ,  3 7 .2 /3 3 ,  3 4 .6 /1 5 ,  
and 2 8 ,3 /4 .
Proloculus: The initial chamber is round to irregular in profile and ranges 
from 123.2 to 321 .8  microns for the maximum outside diameter. Mean 
values for the maximum and minimum outside  diameters are 2 2 3 .4 /6 2  
and 1 9 8 .8 /5 9  microns resp ect iv e ly .
D iscussion
Although I have revised my original designation o f this sp ec ie s  to 
Eoparafusulina (previously M onodiexodina) , the con cept  th&t these forms 
are transitional with Alaskanella certainly  holds true (Petocz , 1967).
Ross (1967) rev ised  the identity of Alaskanella  originally proposed by 
Skinner and W ilde  (1966a ), placing it as a junior sub jective  synonum of 
Eoparafusulina. I independently reached the same conclusion  regarding 
the status o f Alaskanella as R oss ,  and therefore need not restate it in 
this paper.
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Eoparafusulina m endenhalli  n .  s p .  is  d is t in g u ish e d  from E_. 
para lin ear is  (Thorsteinsson) from the m idd le  part o f  the Belcher Channel 
Form ation on Grinnell P en in su la ,  A rct ic  A r c h ip e la g o ,  by  its  great ir­
regu lar ity  o f  sh a p e ,  greater number o f  v o lu t i o n s ,  much low er tunnel,  and 
larger s i z e  o f  the t e s t .  E_. laudoni (Skinner and W ild e )  from the Tahkandit 
L im eston e  ( ? )  in northeastern A laska  and E_. y u k o n e n s is  (Skinner and 
W ild e )  from the Nation River Formation ( ? )  in northw estern  Yukon Territory 
(Skinner and W i ld e ,  1966) are much s m a lle r ,  have a thinner sp iro th e ca ,  
sm a ller  p r o lo c u lu s ,  and ev id e n ta lly  a more rare d eve lop m en t  o f  c u n ic u l i .
It sh ou ld  be  pointed  out that the tw o la tter  s p e c i e s  w ere  identified  from 
f l o a t .  Their co r re c t  stratigraphic  p o s i t io n  is  therefore  in doubt.
E . la n g s o n e n s is  (Saurin) from the  S akam otozaw a Formation o f  the 
Sak am otazaw a-N ag a iw a  a re a ,  Japan, (Kanmera and M ik am i, 1965 , p .  288— 
289) is  sm aller  and narrower fo r  the sam e number o f  v o lu t io n s ,  has a much 
sm aller  p r o lo c u lu s ,  and probably  l e s s  w e l l - d e v e l o p e d  cu n ic u l i  than E . 
m e n d e n h a l l i . Kanmera and M ikami reported  that no c u n ic u l i  w ere o b serv ed  
in E_. l a n g s o n e n s i s . E_. thom psoni Skinner and W ild e  from the upper part
o f  the M c C lo u d  L im estone in northern C a li fo rn ia  (Skinner and W i ld e ,  1965 , 
p .  77) d i f fe r s  in that it has a more t igh tly  c o i l e d  juvenarium and a sm aller  
p r o lo c u lu s .  E_. a l l i s o n e n s i s  R oss  from the N ea l Ranch Formation, T e x a s ,  
(R o s s ,  1967) is  rea d ily  d is t in g u ish e d  from E^ m endenhalli  in p o s s e s s in g  
true chom ata  in the outer v o lu t io n s .  E_. a l l i s o n e n s i s  a l s o  d iffers  in the 
sm a ller  s iz e  o f  its  p ro lo cu lu s  and regu lar path o f  the tu n n el.  Unfortunately
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
154
septal counts were not included in the description of E. a llisonensis  Ross.
I was able to study the type material of Parafusulina a laskensis  
Dunbar from the Permian of Kuiu Island, southeastern Alaska, through the 
courtesy of the American Museum o f  Natural History. This sp ec ie s  is 
very similar to E_. mendenhalli from interior Alaska and should be assigned  
to the genus Eoparafusulina. It should be qualified, however, that both 
species  are assigned to  this genus sensu lato in that they are the largest 
forms yet described and have more w ell-developed  cuniculi in the outer 
volutions than other sp ec ie s  in this genus (Plate 9 , f ig s .  12 and 13; Plate 
10, f ig s .  8 and 11). Although scattered occurrences o f  axial deposits  are 
present in some specimens of E_. mendenhalli, both species  lack  the c o n ­
sistent massive axial deposits  of the genus M onodiexodina. E . menden­
halli is distinguished from E. a laskensis (Dunbar) by its larger pro locu lus , 
irregular axial d e p o s its ,  and more variation in the test .  E_. a laskensis  is 
a lso  much elongated in the sixth volution, giving it longer dimensions 
that E_. mendenhalli.
■ E_. mendenhalli is an advanced species  o f  the genus as attested
by its mode o f  cuniculi development, occasional axial f i l l in g ,  and large 
s ize  o f  the test .  The very primitive cuniculi early in the ontogeny of 
the shell suggests its lineage to the Alaskanella group of Skinner and 
Wilde (1955a). It is clearly  an ancestral form o f the true M onodiexodinas 
as defined by Sosnina (1956, p. 21 -29 ),  Its advanced state of evolution , 
together with its occurrence with and above species  of Schwagerina











T a b l e  30 .  R e g r e s s i o n  A n a l y s i s  f or  Eopara fusul i na  me nde nha l l i
S e l e c t i o n _____________________ RV/HL_____________________ HL/RV_____________________ PT/RV_____________________ RV/PT
n r 294 294 294 294
*RX
1 .522 . 449 . 449 3 9 . 6 7 1
X RY .449
1 . 522 3 9 . 6 7 1 . 44 9
SRX
1 . 306 .284 . 284 22 . 701
SRY . 284 1 . 306 2 2 . 7 0 1 . 28 4
r .971 .971 . 882 . 882
K .211 4 .466 7 0 . 4 6 1 .011
S . E . k . 003 . 064 2 . 20 6 .000
b . 128 .48^ 8 . 0 1 9 . 012
S . E .  „ e s t .













V olu tion HL i 2 3 4 5 6 7 8
N 61 60 55 47 49 39 19 6
M a x .  Value 5 .350 1 .1 5 1 2 .0 5 3 2 .9 0 6 4 .2 4 8 5 .425 6 .3 8 0 6 .8 1 3
M in .  Value .1 2 5 .30 2 .5 3 5 .7 9 4 1 .5 3 2 2 .1 4 8 3 .6 3 4 3 .3 9 8
X .2 9 6 .5 9 8 1 .0 4 0 1 .6 6 7 2 .5 8 6 3 .6 7 8 4 .9 6 6 5 .5 2 8
S .0 9 6 . 172 .2 7 0 .41 2 .635 .81 5 .7 9 9 1. 159
C . V . 32 .5 2 8 .9 2 6 . 0 2 4 .7 2 4 .6 22 .2 1 6 .1 2 1 .0
S . E . x .012 .022 .0 3 6 .0 6 0 .091 . 131 . 183 .4 7 3
V o lu t ion RV 1 2 3 4 5 6 7 8
N 61 62 60 58 49 36 16 4
M a x .  Value .2 8 4 .4 3 4 .5 4 6 .7 5 8 .9 1 3 1 .2 1 5 1 .4 8 5 1 .5 0 9
M i n .  Value .089 . 145 .21 2 .2 9 7 .423 .6 0 0 .8 1 0 .9 9 5
X . 168 .25 2 .3 5 4 .4 8 7 . 656 .9 0 9 1 .1 3 1 1 .3 4 8
S .041 .0 5 6 .0 6 6 .0 9 0 .104 . 144 .16 5 .2 4 0
C . V . 24 .3 2 2 .3 1 8 .7 1 8 .5 1 5 .9 1 5 .9 1 4 .6 1 7 .8
S . E . x .00 5 .007 .0 0 9 .0 1 2 .0 1 5 .0 2 4 .041 .1 2 0
V o lu t ion P r o . M i n . P r o . M a x .
N 59 61
M a x .  Value 2 7 5 .0 3 2 1 .8 T a b le  31 Part 1 . O b s e r v e d  V aria tion  in
M i n . Value 122 .7 1 2 3 .2 E op a ra fu su lin a  m en d en h a ll i
X 1 9 8 .8 2 2 3 .4
S 3 9 .1 4 5 .5
C . V . 1 9 .7 2 0 .4
S . E 5 .1 5 .8
V o lu t ion FR 1 2 3 4 5 6 7 8
N 60 60 54 47 44 32 13 3
M a x .  Value 2 .94 3 .5 6 4 .0 2 4 .62 5 .43 5 .3 6 4 .9 1 4 .57
M in .  V alue .81 1 .4 2 1 .95 2 .29 2 .65 3 .1 4 3 .3 3 3 .4 1
X 1 .75 2 .3 9 2 .97 3 .4 2 3 .8 2 4 .0 7 4 .1 0 3 .9 2
S .43 .4 8 .4 8 .5 9 .6 7 .5 8 .51 .5 9
C . V . 2 4 .6 2 0 .0 1 6 .3 17. 1 1 7 .6 14 .2 12 .4 1 5 .1













V olu t ion PT 1 2 3 4 5 6 7 8
N 57 60 57 59 48 32 14 3
M a x .  Value 44 .6 5 8 .9 6 0 .5 82 .5 93 .5 9 6 .3 1 0 0 .7 8 4 .2
M in .  Value 6 .1 1 1 .6 1 6 .0 2 4 .8 3 6 .3 3 5 .2 5 4 .5 72 .1
X 1 6 .9 2 4 .6 3 3 .8 4 5 .7 6 0 .1 6 6 .9 83 .6 7 8 .9
S 7 .2 1 0 .4 1 0 .7 1 3 .4 1 3 .7 15 .1 1 3 .8 6 .2
C . V . 42 .7 42 .2 3 1 .5 2 9 .4 22 .8 2 2 .6 1 6 .5 7 .8
S .E 1 .0 1 .3 1 .4 1 .8 2 . 0 2 .7 3 .7 3 .6
V o lu t ion TW 0 1 2 3 4 5 6
N 47 54 46 41 40 27 11
M a x .  Value .15 4 .3 3 0 .5 7 0 1 .2 8 4 1 .355 2 .0 0 3 2 .191
M in .  Value .0 3 6 .0 6 7 .0 6 9 .19 1 .2 8 7 .61 1 .7 5 3
X .071 . 140 .2 5 4 .4 8 6 .6 9 4 1 .0 8 0 1 .3 1 6
s .0 2 3 .05 0 .1 2 0 .2 5 9 .2  84 .3 4 4 .4 3 9
C . V . 32 .2 3 5 .4 4 7 .1 5 3 .3 4 0 .9 3 1 .9 3 3 .4
S . E . ^ .0 0 3 .00 7 .0 1 8 .0 4 0 .045 .0 6 6 .13 2
V o lu t ion TS 1 -2 2 - 3 3 -4 4 -5 5 - 6 6 -7 7 - 8
N 61 60 57 49 33 15 4
M a x . Value 8 3 .7 65 .6 6 5 .1 7 2 .2 5 8 .5 4 6 .0 44 .9
M in .  V alue 3 1 .3 1 7 .8 1 1 .1 2 2 .8 2 4 .7 2 4 .1 12 .9
X 5 0 .3 4 1 .9 40 .2 3 9 .2 3 7 .2 3 4 .6 2 8 .3
S 1 0 .9 9 . 9 8 .6 7 .3 8 .3 5 .7 1 3 .7
C . V . 2 1 .7 2 1 .4 2 1 .4 1 8 .7 2 2 .4 1 6 .5 4 8 .3
S . E . - 1 .4 1 .2 1 .1 1 .1 1 .5 1 .5 6 .8
T ab le  3 1 ,  Part 2 .  O b s e r v e d  V aria tion  in  E op a ra fu su lin a  m en d en h a ll i
157
158
w h ich  h a ve  c le a r  a ff in it ies  for  R ussian  U pper Sakmarian fo r m s ,  s u g g e s ts  
a s im ila r  a g e  fo r  this s p e c i e s .
The s p e c i e s  is  named in honor o f  W a lter  C .  M en d en h a ll ,  U . S .  
G e o l o g i c a l  Survey g e o l o g i s t ,  w ho contr ibuted  greatly  to  the g e o l o g y  o f 
A laska  and d e s cr ib e d  the type s e c t io n  o f  the Mankomen Form ation .
O c c u r r e n c e  and Material
E oparafusulina  m endenhalli  n .  s p .  o c c u r s  abundantly  in 
e q u iv a le n t  sam ples  R C -15  and D R -14  in Z one  C .  It is  a l s o  found in 
sa m p le s  R C - 1 4 ,  R C -1 6 ,  and R C -17  o f  the same z o n e .
This  d e sc r ip t io n  is  b a se d  on 62 a x i a l ,  15 sa g itta l  and numerous 
o b l iq u e  s e c t i o n s . Many a d d it ion a l  a x ia l  s e c t io n s  w ere  studied  but 
w e re  not m easu red .
C a ta lo g u e  Numbers
H o lo ty p e ,  UA2264; p a ra ty p e s ,  UA2244 through U A 2263, and UA2265 
through U A 2 37 4 .
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Eoparafusu lina  w a d d e ll i  P e t o c z , n . s p .
P late 10 ,  f ig s  . 1 -13
T ab les  32 and 33
D ia g n o s is
Shape: The te s t  i s  e lo n g a t e ,  su b cy l in d r ica l  to  cy l in d r ic a l  with broad ly  
rounded p o l e s .  The a x is  o f  c o i l in g  is  straight but may b e  s l ig h t ly  arched  
in some s p e c im e n s .
S ize : Ind iv iduals  o f  s ix  to  s e v e n  v o lu t io n s  range in length from 5 .4  to  
about 8 .5  mm, and from 1 .7  to  2 .7  mm in w id th .
Number o f  V o lu tion s :  A ll mature ind iv idua l p o s s e s s  at le a s t  f iv e  v o lu ­
t ions  but may h ave  a s  many as  s e v e n .
Half Length: The mean v a lu e s  o f  h a lf  length  for the f irs t  through the 
seventh  v o lu t ion s  are: . 2 3 /2 9  , . 5 2 / 2 9 ,  . 9 6 / 2 8 ,  1 . 5 9 / 2 7 ,  2 . 5 5 / 2 4 ,
3 . 4 0 / 1 4 ,  and 4 . 0 9 / 3  mm.
Radius Vector: The a v e ra g e  radius v e c to r s  for  vo lu t ion s  one  through sev en  
are: . 1 5 / 2 9 ,  . 2 3 / 2 9 ,  . 3 5 / 2 8 ,  . 5 2 / 2 7 ,  . 7 4 / 2 4 ,  . 9 4 / 1 6 ,  and 1 . 2 2 / 4  mm 
r e s p e c t iv e ly .
W a ll :  The sp iro th eca  i s  c o m p o s e d  o f  tectum  and a c o a r s e  k e r io th e c a .  Wall 
structure is rather d i f fu s e  in many s p e c im e n s , particu larly  in the first  
f iv e  v o lu t io n s .  The w a l l  i s  o f  e v en  c o n s i s t e n c y  but may be co n s tr ic te d
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in the tunnel area to less  than half its normal th ickness , causing a con ­
siderable range of variation in protheca th ickness . Mean values for 
protheca thickness are: 1 4 .4 /2 9 ,  2 5 .6 /2 9 ,  4 2 .0 /2 8 ,  5 9 .0 /2 7 ,  7 3 .8 /2 2 ,  
8 0 .9 /1 4 ,  and 9 3 .6 /2  microns.
Chomata: Rudimentary chomata are usually present on the proloculus and 
succeeding one or two vo lu tions. Pseudochomata irregularly occur on the 
remaining volutions, frequently in conjunction with secondary deposits 
which form a broad arch over the tunnel path. These deposits give the 
impression of a " fa ls e  wall" as in Eoparafusulina mendenhalli n. sp.
Axial D eposits: Secondary axial filling is not characteristic of this 
sp e c ie s .  Localized patches uncommonly occur at the poles of volutions. 
One anomalous individual p o ssessed  comparatively dense deposits along 
the axis o f the fifth volution (Plate 10, f ig .  10).
Tunnel: The tunnel is low , about one-ha lf  the chamber height in all volu­
tions . The tunnel path is straight to irregular but is obscure in outer 
volutions which lack pseudochomata. The tunnel widens considerably in 
the outer whorls with mean values for tunnel width for the proloculus 
through the fifth volution of: .0 6 /2 5  , .1 2 /2 9 ,  .2 1 /2 7 ,  .4 5 /2 7 ,  .78 /22  , 
and 1 .0 7 /1 3  mm.
Septa; The septa are moderately and irregularly fluted. Only the lower 
part o f the septa are folded along the lateral s lopes and appear as small
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sem i-c irc les  which decrease in height toward the midplane. Fluting is more 
intense in the polar regions. Salients of opposing fo lds are resorbed in the 
outer three to four volutions, forming the low , narrow cuniculi which are 
characteristic of this genus. Septal pores are abundant and easily  recog ­
nized in the polar areas. Mean values for septal counts in volutions one 
through five are: 8 /4 ,  1 2 /4 ,  1 5 .3 /4 ,  1 7 .3 /3 ,  and 1 9 .2 /2 .
Form Ratio: Mean values of form ratio for volutions one through seven are: 
1 .5 9 /2 9 ,  2 .2 9 /2 9 ,  2 .7 6 /2 8 ,  3 .1 2 /2 6 ,  3 .4 1 /2 4 ,  3 .5 9 /1 3 ,  and 3 .1 8 /2 .
Tightness o f Spire: There is a general progressive decrease  in the percent 
expansion values for each succeeding volution . The mean values are: 
5 5 .9 /2 9 ,  5 2 .7 /2 8 ,  4 7 .1 /2 7 ,  4 5 .1 /2 4 ,  3 8 .9 /1 6 ,  and 3 0 .8 /4 .
Proloculus: The proloculus is generally spherical but may be irregular in 
shape and ranges in s ize  from 138.6 to 319 .6  microns in maximum outside 
diameter. Mean values for the maximum and minimum outside diameters 
are 210 .7  and 181.7 microns in 29 specim ens.
D iscussion  '
Eoparafusulina waddelli n. sp .  is a more typ ica l form of this genus 
than E. mendenhalli. It is distinguished from the latter species  in p o s e s s -  
ing fewer volutions, shorter length, slightly thicker protheca in the last 
four vo lu t ion s , and absence o f axial d ep os its .  The cuniculi also appear
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wider in E_. w a d d e l l i . E . thompsoni Skinner and W ilde  from the M cC loud  
Limestone, northern C a liforn ia , E. langsonensis (Saurin) from the 
Sakamotozawa Formation in Japan, and E_. a laskensis  (Dunbar) from Kuiu 
Island, southeastern A laska , are a il  much larger and differ in other modes 
o f construction o f  the te s t .  E_. gracilis  (Meek) from the M cCloud Lime­
stone is more tightly c o i l e d ,  has a smaller p ro lo cu lu s , and has axial 
d ep os its .  E_. a l l is o n e n s is  Ross from the Neal Ranch Formation, T exas ,  
has more volutions and more extensive  and w ell developed  chom ata. E . 
laudoni (Skinner and W ilde) from the Lower Permian of the Alaska-Yukon 
border are both more primitive than E_. waddelli and are generally smaller 
with a much thinner sp iro th eca , p o s s e s s  axial f i l l in g ,  and have poorly 
developed cu n icu li ,  if  any. E_. paralinearis (Thorsteinsson) from the 
Permian o f  Grinnell Peninsula resem bles E_. w addelli in s iz e  and shape 
but differs in p o s s e s s in g  chomata in a ll  volutions, has a much higher 
tunnel, and probably a more primitive development of cu n icu li .  Cuniculi 
were not reported in this sp e c ie s  by Thorsteinsson.
The s p e c ie s  is  named for Dr. Dwight E. W a d d e ll ,  Houston, T ex a s .
Occurrence and Material
Eoparafusulina w addelli n . sp . occurs in samples RC-18 and RC-19 
in the upper part o f  the Alternating Limestone-Shale Member (Zone C) 54












T a b l e  3 2 .  R e g r e s s i o n  A n a l y s i s  f or  Eoparafusul ina  w a d d e l l i
l e c t i o n RV/HL HL/RV PT/RV RV/PT
n r
148 148 148 148
* r x 1 . 307 . 430 . 4 3 0 4 4 . 6 1 8
XI
2?
. 43 0 1 . 307 4 4 . 6 1 8 . 4 3 0
SRX 1 . 0 7 9
. 273 . 27 3 2 5 . 6 1 0
SRY . 2 7 3 1 . 0 7 9 2 5 . 6 1 0 . 273
r .971 . 971 . 892 . 892
K . 24 6 3 . 8 3 3 8 3 . 5 4 6 . 010
S . E . ^ .005 . 0 7 9 3 . 5 0 9 . 0 0 0
b . 108 .339 8 . 7 3 8 . 005













Volut ion HL 1 2 3 4 5 6 7
N 29 29 28 27 24 14 3
M a x .  Va lue .364 .813 1 .637 2 .795 4 . 2 0 5 4 .477 4 .484
M i n .  Value . 108 .328 .61 7 .96 4 1 .761 2 . 7 3 6 3 . 7 8 8
X .229 .517 .957 1 . 5 8 8 2 .5 4 5 3 .4 0 2 4 .08 8
S .0 6 3 . 125 .237 .459 .682 .554 .358
C . V . 2 7 . 8 2 4 . 3 24 .8 2 8 . 9 2 6 . 8 1 6 . 3 8 . 8
S . E
V o lu t ion RV 1 2 3 4 5 6 7
N 29 29 28 27 24 16 4
M a x .  Va lue .20 5 .34 4 .494 .730 1 .0 8 7 1 .1 6 1 1 .383
M i n .  Va lue .0 9 6 .15 4 .227 .34 3 .498 .7 0 6 1 .0 5 0
X .1 4 6 .22 7 .34 8 .5 1 6 .741 .941 1 .2 2 1
S .0 2 9 .045 .06 5 .091 .140 . 137 .1 3 6
C . V . 1 9 . 8 1 9 .7 1 8 .7 1 7 . 6 1 9 .0 1 .4 5 1 1 .2
S .E .0 0 5 .0 0 8 .012 .017 .0 2 9 .03 4 .0 6 8
Volut ion P r o . M i n . P r o . M a x .
N 29 29
M a x .  Value 2 8 0 . 5 3 1 9 . 6 T a b le  33 , Part 1 . O b s e r v e d  Variat ion  in
M in .  Value 121 .0 1 3 8 .6 E op a ra fu su l in a  w a d d e l l i
X 1 8 7 .7 2 1 0 . 7
S 3 6 .1 4 3 . 7
C . V . 1 9 .9 2 0 . 7
S .E .j -^ 6 . 7 8 .1
V o lu t ion FR 1 2 3 4 5 6 7
N 29 29 28 26 24 13 2
M a x .  Value 2 .42 3 .37 4 .32 4 . 8 2 4 . 3 6 4 . 4 0 3 . 2 8
M in .  Va lue .76 1 .57 1 .90 2 .42 2 . 5 1 2 . 9 1 3 .07
X 1 . 5 9 2 . 2 9 2 .76 3 .  12 3 . 4 1 3 . 5 9 3 . 1 8
S .41 .43 .51 .55 .47 .45 .15
C . V . 2 5 . 8 1 8 .5 1 8 . 4 1 7 . 7 1 3 . 6 1 2 .5 4 . 7














V olut ion PT 1 2 3 4 5 6 7
N 29 29 28 27 22 14 2
M a x .  Value 22 .6 4 4 . 6 7 1 . 0 8 1 . 4 1 1 1 .2 1 2 2 . 2 1 0 6 .2
M i n .  Va lue 7 . 2 1 1 . 0 22 .0 3 8 . 0 4 8 . 4 5 5 . 6 8 0 . 9
X 1 4 .4 2 5 . 6 42 .0 5 9 . 0 7 3 . 8 8 0 . 9 9 3 . 6
S 4 . 3 9 . 6 1 1 . 6 12 .2 1 3 .6 1 9 . 3 1 7 . 9
C . V . 2 9 . 5 3 7 . 6 27 .5 2 0 . 8 1 8 . 4 2 3 . 9 19 .1
S . in­ .8 1 . 8 2 . 2 2 . 4 2 . 9 5 . 2 12 .7
v o l u t i o n TW 0 1 2 3 4 5
N 25 29 27 27 22 13
M a x .  Value .0 8 6 .231 .452 .95 4 2 .05 4 1 .8 2 9
M in .  Va lue .0 3 4 .070 .111 .18 4 .311 . 178
X .05 7 .1 1 6 .2 1 3 .45 3 .781 1 .0 7 4
S .0 1 2 .0 3 8 .084 .2 1 0 .4 0 6 .4 5 4
C . V . 2 1 . 6 3 3 . 0 3 9 . 2 4 6 . 4 52 .0 4 2 . 3
s - E -x .002 .00 7 .0 1 6 .04 0 .0 8 7 . 126
V o lut ion TS 1-2 2 - 3 3 - 4 4 - 5 5 - 6 6 - 7
N 29 28 27 24 16 4
M a x .  Value 7 0 . 2 7 4 . 3 62 .6 5 4 . 9 5 7 . 2 4 5 . 8
M in .  Value 41 . 1 4011 3 6 . 3 3 5 . 6 1 2 . 6 1 8 . 0
X 5 5 . 9 52 .7 4 7 . 1 4 5 . 1 3 8 . 9 3 0 . 8
S 8 . 7 8 . 9 6 . 6 5 . 5 9 . 7 12 .2
C . V . 15 .5 1 6 . 8 1 4 . 0 12 .2 24 .8 3 9 . 6
S - E - x 1 . 6 1 .7 1 .3 1 .1 2 . 4 6 . 1
T ab le  3 3 ,  Part 2 .  O b s e r v e d  V aria tion  in E op a ra fu su lin a  w a d d e l l i
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f e e t  a b o v e  the la s t  recorded  o c c u r r e n c e  o f  E_. m endenhal l i  n .  s p .
This d e s cr ip t io n  is b ase d  on 29 a x i a l ,  4 s a g i t t a l ,  and numerous 
o b l iq u e  s e c t i o n s .
C a ta lo g u e  Numbers
H o l o t y p e ,  UA2381;  paratypes ,  UA2375 through UA2380,  and UA2382 
through U A 2 4 1 4 .
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F i g s .  1 -2 :  P s e u d o fu s u l in e l la  s p .  A,  from a s s e m b l a g e  z o n e  A in the Alter­
nat ing L im e s to n e - S h a le  M e m b e r .  1 ,  A x ia l  s e c t i o n ,  UA2000,  l o c .  R C -3 ;
2 ,  sag i t ta l  s e c t i o n ,  U A 2002 ,  l o c .  R C - 3 .
F i g s .  3 - 1 1 :  P s e u d o fu s u l in e l la  v a lken bu rgh ae  P e t o c z , n .  s p . , from 
a s s e m b l a g e  z o n e  B in the Alternat ing L i m e s t o n e - S h a l e  M em b er .  3 ,  4 ,  7 ,  
8 ,  1 0 ,  1 1 ,  P aratypes ,  UA2021 , U A 2 01 5 ,  U A 201 3 ,  U A2018 ,  UA2019,  
U A2028 ,  l o c .  R C - 1 1 ;  5 ,  6 ,  sag i t ta l  s e c t i o n s ,  U A 202 2 ,  U A2024 ,  l o c .  
R C - 1 1 ;  9 ,  h o l o t y p e ,  U A 2 01 4 ,  l o c .  R C - 1 1 .
F i g s .  1 2 - 1 8 :  P s e u d o fu s u l in e l la  c f .  P_. parvula  Skinner and W i l d e ,  from 
a s s e m b l a g e  z o n e  B in the Alternating L i m e s t o n e - S h a l e  M em b er .  12 ,  14,  
1 6 ,  A x ia l  s e c t i o n s ,  U A 202 9 ,  U A 2 03 0 ,  UA2031 , l o c .  R C -1 3 ;  13 ,  15 ,  17,  
en largem ents  o f  f i g s .  1 2 ,  14 ,  and 16 r e s p e c t i v e l y ,  X 20 .
F i g s .  1 9 - 2 6 :  Schw ager ina  p s e u d o k a r a g a s e n s i s  P e t o c z ,  n .  s p . ,  from 
a s s e m b l a g e  z o n e  B in the Alternat ing L i m e s t o n e - S h a l e  M em ber .  19 ,  20 ,  
2 4 ,  2 5 ,  2 6 ,  P a r a ty p es ,  U A 2 054 ,  U A 2 051 ,  UA2057 , UA2052 , UA2053,  l o c .  
R C - 9 ;  2 1 ,  h o l o t y p e ,  U A 2056 ,  l o c .  R C - 9 ;  22 , 23 , sag i t ta l  s e c t i o n s ,  
U A 2 0 5 8 , UA2059 , l o c .  R C - 9 .
E xplanation  o f  P late  1
All f ig u res  X I 0 e x c e p t  a s  n oted
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Figs. 1-5: Schwagerina sp .  A,  from assemblage zone B in the Alternating 
Lime stone-Shale Member.  1 -3 ,  5, Axial sect ions ,  UA2065, UA2061 , 
UA2064 , UA2062, l o c . RC-8; 4,  slightly oblique sect ion ,  UA2067,  l o c .  
RC-13.
Figs.  6-18:  Schwagerina c f . S_. emaciata (Beede), from assemblage zone 
B in the Alternating Limestone-Shale Member. 6, 10, 17, Axial  Sections ,  
UA2043, UA2045, UA2046, l o c .  RC-17;  18, enlargement of f ig .  17,  X20;
7, 9, 11,  14,  16,  axial  sec t ion s ,  UA2038, UA2040 , UA2039, UA2035, 
UA2037, l o c .  RC-10;  15,  enlargement of f ig.  16,  X20; 8, oblique sect ion ,  
UA2049, l o c .  RC-10;  12,  axial  sect ion ,  UA2041 , l o c .  RC-11 ;  13,  sagittal 
section,  UA2048, l o c .  RC-11.
Figs. 19-27: Schwagerina rowetti P e t o c z , n. s p . ,  from assemblage zone 
C in the Alternating Limestone-Shale Member. 19, Holotype,  UA2077, 
l o c .  RC-16; 20 , 26 , paratypes,  UA2078, UA2079, l o c .  DR-14; 21,  para- 
type, UA2076, l o c .  RC-15;  22 , 23 , paratypes, UA2072 , UA2070, l o c .  
RC-16; 24,  sagittal sect ion ,  UA2080, l o c .  RC-15;  25 , 27,  paratypes,  
UA2074 , UA2075 , l o c .  RC-17 .
Explanation o f Plate 2
All figures X10 except as noted
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Figs. 1-15: Schwagerina whartoni P e t o c z , n.  sp .  , from assemblage zones 
B and C of  the Alternating Limestone-Shale Member.  1, Holotype ,  UA2103, 
l o c .  RC-12;  2,  4 ,  5 ,  7 - 9 ,  15,  paratypes,  UA2111, UA2113, UA2106, UA2110,  
UA2102 , UA2101, UA2109, l o c .  RC-12;  3, paratype, UA2095, l o c .  RC-11;
6, 15,  paratypes,  UA2116,  UA2109,  l o c .  RC-15; 11, sagittal s e c t ion ,
UA2121, l o c .  RC-11; 12,  13,  sagittal  se c t ion s ,  UA2122, UA2124,  l o c .
RC-12; 10,  enlargement of  part o f  f i g .  9 showing development of  secondary 
deposits over the tunnel, UA2101,  l o c .  RC-12 ,  X35; 14, oblique sect ion  
showing septal  fluting, UA2126,  l o c .  RC-11 .
Explanation o f  Plate 3
All figures X I0 except as noted
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F i g s .  1 -7 :  Schwagerine.  c a l l o s a  (R a u ser -C h ern ou sova ) ,  from a s s e m b l a g e  
z o n e s  B and C o f  the Alternating L im eston e -Sh a le  M em b er .  1 , 3 ,  A x ia l  
s e c t i o n s ,  UA2084,  UA2085 , l o c .  R C - 1 3 ;  2 ,  ob l ique  s e c t i o n ,  UA2086 ,  
l o c .  RC-15 ;  4 ,  a x ia l  s e c t i o n ,  UA2093 ,  l o c .  RC-17 ;  5 , 6 ,  a x ia l  s e c t i o n s ,  
U A 2 089 , U A 2 087 , l o c .  R C - 1 9 ;  7 ,  sag i tta l  s e c t i o n ,  UA2090,  l o c .  R C - 1 3 .
F i g s .  8 -13 :  Schwagerina  mof f i t i  P e t o c z , n .  s p . , from a s s e m b la g e  z o n e  
D in the Alternating L im e sto n e - S h a le  M em ber .  8 ,  9 ,  11 ,  1 3 ,  p a r a t y p e s ,  
UA2130,  U A 2 1 2 8 , UA2131,  U A 2129 ,  l o c .  R C -20 ;  12, h o l o t y p e , U A2132 ,  
l o c .  RC-20 ;  10 ,  sag i t ta l  s e c t i o n ,  UA2135 ,  l o c .  R C - 2 0 .
E xplanation  o f  Plate 4
A ll  f ig u res  X I 0
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F i g s . 1 -12  , 14: Schwagerina  heiner i  P e t o c z , n .  s p . , from a s s e m b l a g e  z o n e  
D in the Limestone M e m b e r .  1 ,  H o lo ty p e ,  UA2148,  l o c .  R C - 2 2 ;  2 - 6 ,  8 ,
11,  12,  14,  pa ra ty p es ,  U A 2145 ,  UA2139,  UA2137,  UA2143,  UA2164,  UA2157,  
UA2138,  UA2147,  UA2153,  l o c .  R C -2 2 ;  7 ,  9 ,  10,  sagitta l  s e c t i o n s ,  UA2175,  
UA2174 , UA2172 , l o c .  R C - 2 2 .
F ig s .  13 ,  15: Schwagerina  s p .  B, from a s s e m b la g e  zone  D in the L imestone  
Member.  13,  15 ,  A x ia l  s e c t i o n s ,  UA2195,  UA2197,  l o c .  RC-2  3.
E xplanation  o f  Plate 5
A ll  f ig u res  X I 0
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F i g s .  1 -8 :  S ch w ager in a  r a i n y e n s i s  P e t o c z ,  n .  s p . ,  from a s s e m b l a g e  z o n e  
F in the L im eston e  M e m b e r .  1 ,  P a r a typ e ,  UA2205 ,  l o c .  W R M - 6 ;  2 ,  h o l o ­
t y p e ,  UA2206 ,  l o c .  W R M - 7 ;  3 ,  5 ,  p a r a t y p e s ,  UA2217,  UA2212 ,  l o c .  
W R M - 2 ;  6 ,  o b l iq u e  s e c t i o n  s h o w in g  h ig h ly  f lu ted  s e p t a ,  U A 221 3 ,  l o c .  
W R M - 6 ;  7 , 8 ,  p a r a t y p e s ,  U A 2 20 7 ,  UA2209 ,  l o c .  W R M -7  and  l o c .  W R M - 9  
r e s p e c t i v e l y ;  4 ,  s a g i t t a l  s e c t i o n ,  U A 2 2 1 0 ,  l o c .  W R M - 6 .
F i g s .  9 - 1 2 :  S ch w a g er in a  s p .  C ,  from a s s e m b l a g e  z o n e  E in the L im e sto n e  
M em ber .  9 ,  1 0 ,  1 1 ,  A x ia l  s e c t i o n ,  U A 2198 ,  UA2200,  U A 2199 ,  l o c .  R C - 2 7 ;  
1 2 ,  s l i g h t ly  o b l iq u e  s e c t i o n ,  UA2202 , l o c .  R C - 2 6 .
E x p la n a t ion  o f  P late  6
A ll  f ig u r e s  X I 0
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F ig s .  1 -9 :  Schwagerina  mankom enens is  P e t o c z , n .  sp .  , from a s s e m b l a g e  
z o n e  F in the Limestone  M em b er .  1 ,  H o lo t y p e ,  UA2224,  l o c .  W R M - 4 . 5 ;
2 ,  paratype ,  UA2222 , l o c .  W R M - 3 . 5 ;  3 ,  4 ,  5 ,  8 ,  paratypes ,  UA2220,  
UA2218,  UA2219,  UA2221 , l o c .  W R M - 3 ;  9 ,  ob l ique  se c t i o n  showing  f luted 
s e p ta ,  UA2229,  l o c .  W R M -3 ;  6 , 7 ,  sagitta l  s e c t i o n s ,  UA2226,  UA2227,  
l o c .  W R M - 3 .
F ig s .  1 0 -14 :  Schwagerina  hyperborea  (Sa lter ) , from a s s e m b la g e  z o n e  F 
in the Limestone  M ember .  1 0 ,  1 3 ,  Sagittal  s e c t i o n s ,  UA2240,  UA22 39 ,  
l o c .  W R M -3 ;  11,  sagitta l  s e c t i o n ,  UA2241 , l o c .  W R M - 4 . 5 ;  12 ,  14 ,  a x ia l  
s e c t i o n s ,  UA2237 , UA2234,  l o c .  W R M - 4 . 5 ,  and l o c .  W R M -8  r e s p e c t i v e l y .
E xp lanation  o f  P late 7
A ll f igu res  X I 0
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F ig s . 1 -4 ,  8: Schwagerina hyperborea (Salter), from assemblage zone F 
in the Limestone Member. 1 , 4 ,  Axial sect ions ,  UA2236, UA2231 , l o c .  
W RM-4 .5 ;  2,  axial  sect ion ,  UA2235, l o c .  WRM-3;  3, axial  sect ion,  
UA2238, l o c .  WRM-8;  8, oblique sect ion  showing highly fluted septa 
and low cuniculi,  UA2241 , l o c .  W R M -4 .5 .
Figs.  5-7: Eoparafusulina mendenhalli P e t o c z , n.  s p . ,  from assemblage 
zone C in the Alternating Limestone-Shale Member.  5 , Paratype, UA2278 , 
l o c .  DR-14; 6 , 7 ,  paratypes, UA2245 , UA2244, l o c .  RC-15 .
Explanation of Plate 8
All figures X I 0
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F i g s .  1 - 1 4 :  Eoparafusul ina m endenhal l i  P e t o c z ,  n .  s p . ,  from a s s e m b la g e  
z on e  C in the Alternating L im e s t o n e - S h a le  M em b er .  1,  H o lo ty p e ,  UA2264 , 
l o c .  D R -1 4 ;  2 ,  3 ,  9 ,  p a r a t y p e s ,  UA2258,  UA2282,  UA2275 , l o c .  D R -1 4 ;
5,  6 ,  8 ,  11 ,  p a ra ty p e s ,  U A 2 24 7 ,  UA2249 ,  UA2293,  UA2288,  l o c .  R C-15 ;  
14 ,  p aratype ,  UA2304,  l o c .  R C - 1 6 ;  4 ,  1 0 ,  sag i tta l  s e c t i o n s ,  UA2 307 , 
UA2310,  l o c .  R C - 1 5 ;  7 ,  sa g i t ta l  s e c t i o n ,  UA2315,  l o c .  D R -14 ;  13 ,  ob l iq u e  
s e c t i o n  show ing  c u n i c u l i ,  UA2335 , l o c .  D R -1 4 ;  12 ,  enlargement  o f  f i g . 13 
showing  c u n i c u l i ,  X35 .
E xp lan ation  o f  P late 9
A ll f ig u res  X I 0 e x c e p t  as noted
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F i g s .  1 -1 3 :  Eoparafusulina w a d d e l l i  P e t o c z ,  n .  s p . ,  from a s s e m b l a g e  
z o n e  C in the Alternating L im eston e -Sh a le  M em b er .  1 ,  2, P aratypes ,  
U A 2 3 7 9 , l o c .  R C - 1 8 , UA2392,  l o c .  R C - 1 9 ;  3 ,  h o l o t y p e ,  UA2381 , l o c .  R 
R C - 1 9 ;  4 , 7 ,  sagittal  s e c t i o n s ,  UA2407,  UA2404,  l o c .  R C -1 9 ;  5 ,  6 ,  9 ,  
12 ,  13 ,  para types ,  UA2393 , UA2383,  UA2400,  UA2391 , UA2398,  l o c .  
R C - 1 9 ;  1 0 ,  paratype,  UA2377 , l o c .  R C -18 ;  8 ,  o b l iq u e  s e c t i o n  showing 
c u n i c u l i ,  UA2414,  l o c .  R C -1 9 ;  11 ,  en largement o f  f i g .  8 showing  
c u n i c u l i ,  X35 .
Explanation o f  P late 10
All f igures  X I 0 e x c e p t  as noted
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The parameters in the Appendix  T ab le s  are e x p r e s s e d  in the 
fo l l ow in g  quant it ies :
Half Length HL mm
Radius Vector RV mm
Protheca T h ickness PT microns
Tunnel Width TW mm
Form Ratio FR -
T ightness  o f  Spire TS %
Proloculus  Diameter Pro. microns
Septal  Count SC -
A dash  s ig n i f i e s  that the parameter w a s  a b s e n t ,  or was  not 
measured b e c a u s e  o f  d i s t o r t i o n ,  a b r a s i o n ,  e t c .











A x ia l  S e c t i o n s




1 . 1 8 .11
2 .32 . 23CO . 46 . 39
4 . 70 .75
5 1 . 1 0 -
6 1 . 4 4 1 . 2 7
7 2 . 6 4 2 . 5 100 3 . 1 8 3 . 3 1
1 . 0 9 .10
to . 13 . 15
3 .22 .22
4 .32 .31
5 .44 . 45
6 .63 .66
7 .90 .91
00 - 1 . 1 8
1 8 . 8 1 4 . 3
2 1 4 . 9 1 7 . 6CO 1 9 . 8 1 3 . 2
4 3 1 . 9 1 9 . 3
5 3 5 . 2 3 4 . 1
6 3 1 . 4 3 2 . 5
7 3 7 . 4 3 0 . 300 - 5 0 . 1













A xia l  S e c t i o n s





0 . 03 .03
1 . 04 . 03
2 . 06 . 06
3 . 12 . 09
4 .15 . 12
5 . 18 .21
6 . 30 .33
7 . 62 . 46
1 1 . 9 7 1 . 1 5
2 2 . 3 7 1 . 4 6
3 2 . 1 4 1 . 7 7
4 2 . 1 8 2 . 4 2
5 2 . 5 1 -
6 2 . 2 8 1 . 9 2
7 2 . 9 4 2 . 7 7
8 — 2 . 8 0
1
5 0 . 2 5 5 . 1Lt
'X 5 9 . 6 4 0 . 7o
4 4 8 . 0 4 2 . 4
K 3 6 . 6 4 4 . 3o
4 3 . 6 4 7 . 2u
7 4 2 . 5 3 7 . 3/
8 — 3 0 . 5
M a x . 1 2 9 . 8 1 2 9 . 8
M i n . 1 1 3 . 3 1 1 9 . 4













S ag itta l  S e c t i o n s
S p e c im e n s UA2002 UA2003 UA2004 UA2005 UA2006 UA2007
1 .1 1 6 .1 0 2 . 1 1 0 . 122 .1 4 3 . 0 9 0
2 . 1 1 8 - . 170 . 192 .2 2 0 .1 3 7
RV 3 . 2 8 0 .2 3 0 - . 2 6 8 .3 1 3 .2 2 7
4 .3 8 4 .3 4 3 - . 3 5 4 .3 9 8 .3 6 3
5 .5 2 6 .4 7 7 - . 4 7 2 - -
6 .7 2 4 - — - - -
1 9 . 4 9 . 4 1 0 . 5 1 4 .3 1 1 . 6 9 . 4
2 1 4 . 3 - 1 3 . 2 ’ 1 5 . 4 1 4 . 9 9 . 9
PT 3 1 8 . 2 1 7 . 6 - 1 8 . 2 1 3 . 8 1 3 . 8
4 2 4 . 2 1 9 . 3 - 1 7 . 1 1 5 . 4 2 0 . 4
5 2 1 . 5 - — - - -
1 8 10 8 7 9 7
2 14 14 14 12 16 13
SC 3 20 15 - 15 19 15
4 20 21 - 19 21 16
5 22 22 - 22 - 17
Pro .  M a x - 1 0 4 . 5 9 4 . 2 1 1 6 . 1 1 1 2 . 8 1 1 7 . 2 1 0 0 . 7
M i n . 9 1 . 3 7 9 . 2 9 5 . 7 9 4 . 6 1 0 6 . 2 8 4 . 7













A x ia l  S e c t io n s
S p e c im e n s UA2013 UA2014 UA2015 UA2016 UA2017 UA2018 UA2019 UA2020 UA2021
1 .1 3 .14 .1 3 . 16 .1 3 .1 0 .0 9 .11 . 13
2 .2 8 .37 .31 .27 .27 .23 .2 3 .22 .2 7
HL 3 .4 8 .72 .4 8 .53 .45 .41 .3 7 .47 .35
4 .71 1 .0 2 .73 .81 .72 .7 3 1 . 1 9 .74 .5 0
5 1 . 1 6 1 .7 1 1 .2 1 1 .02 .96 1 .1 7 1 . 5 7 1 .1 5 .90
6 1 . 8 2 2 . 0 8 2 . 0 0 - 1 .4 1 1 .5 0 2 . 1 5 1 . 7 3 1 .4 5
7 - 3 . 0 6 2 . 6 4 - - - - 2 . 3 3 1 .8 6
8 - - - - - - — 2 . 7 8 2 . 4 1
1 .12 .11 .11 .1 0 . 0 8 .0 9 . 0 8 .0 8 .0 9
2 .1 8 .17 .16 .15 . 14 . 15 . 13 .16 .13
RV 3 .25 .24 .25 .24 .22 .2 6 .21 .23 .21
4 .34 .3 6 .3 6 .35 .31 .3 8 .3 0 .33 .2 8
5 .5 2 .50 .5 2 .50 .43 .51 .4 2 .44 .40
6 .74 .70 .73 .72 .61 .69 .61 .6 3 .55
7 - .8 7 - - - - . 8 3 .8 8 .73
8 - - - - - - — 1 . 1 6 -
1 9 . 9 1 2 . 1 1 1 . 0 10 .5 1 2 .1 1 2 .  1 1 0 . 5 8 . 8 9 . 4
2 2 1 . 5 1 8 . 7 1 2 .1 1 9 . 8 1 3 . 8 1 4 . 3 1 2 . 7 1 2 . 7 1 6 . 5
PT 3 1 8 . 2 2 6 . 4 1 9 . 3 2 0 . 9 1 5 . 4 2 0 . 4 1 2 . 1 1 3 . 2 1 9 . 3
4 2 2 . 0 2 8 . 6 2 2 . 6 2 2 . 6 2 3 . 1 2 3 . 1 1 2 . 7 1 9 . 8 2 1 . 5
5 3 8 . 5 2 0 . 9 2 7 . 5 2 8 . 1 2 2 . 0 2 3 . 7 1 7 . 6 1 9 . 3 2 4 . 8
6 4 6 . 2 25 .3 - - 2 6 . 4 3 3 . 0 2 3 . 1 2 4 . 2 1 8 . 2
7 - - - - - - 2 9 . 2 1 9 . 3 -
8 - - - - - — 4 2 . 9 -












A xia l  S e c t io n s
S p e c im e n s UA2013 UA2014 UA2015 UA2016 UA2017 UA2018 UA2019 UA2020 UA2021
0 .04 .04 .04 .04 ' . 0 3 _ .02 _ .0 3
1 .05 .0 6 .0 7 .05 .0 6 .05 .05 .05 .04
TW 2 . 0 9 . 10 .0 9 .07 .0 7 .0 8 .0 8 .06 .05
3 .10 .15 .1 2 .0 9 .1 2 .10 .10 .10 .0 8
4 . 18 .21 .2 2 .1 6 .1 6 .1 8 .14 .12 .11
5 .32 .35 .35 - .2 4 .24 .27 .21 .1 8
6 - - . 4 6 - .3 0 .34 .43 .32 .35
7 - - - - - - - - .3 7
1 1 . 0 9 1 . 3 0 1 . 1 7 1 . 5 6 1 . 5 7 1 . 1 2 1 . 1 4 1 . 3 7 1 . 4 3
2 1 . 5 0 2 . 2 0 1 . 9 2 1 . 7 4 1 . 8 7 1 . 4 9 1 . 7 3 1 . 3 8 2 . 0 2
PR 3 1 . 9 0 3 . 0 2 1 . 9 3 2 . 2 3 2 . 0 0 1 .5 5 1 . 7 9 2 . 0 2 1 . 6 8
4 2 . 0 9 2 . 8 0 2 . 0 4 2 . 3 0 2 . 2 8 1 . 9 3 3 . 9 6 2 . 2 6 1 . 7 8
5 2 . 2 5 3 . 3 8 2 . 3 3 2 . 0 5 2 . 2 4 2 . 2 7 3 . 7 7 2 . 6 4 2 . 2 3
6 2 . 4 5 2 . 9 7 2 . 7 5 - 2 . 3 0 2 . 1 8 3 . 5 4 2 . 7 6 2 . 6 2
7 - 3 . 5 2 - - - - - 2 . 6 4 2 . 5 6
8 - — — - — — 2 . 3 9 “
1
9 5 5 : 8 5 6 . 9 5 3 . 1 5 2 . 8 6 5 . 2 7 4 . 3 5 6 . 0 9 3 . 1 5 3 . 8
TS ^ 3 6 . 3 4 3 . 2 5 3 . 1 5 4 . 7 5 8 . 3 7 1 . 4 5 9 . 0 4 3 . 3 5 4 . 8± iD O
A 3 6 . 2 5 1 . 8 4 3 . 2 4 7 . 3 4 0 . 0 4 3 . 4 4 4 . 3 4 1 . 7 3 6 . 2H.
c 5 1 . 4 3 9 . 3 4 4 . 7 4 1 . 2 3 7 . 1 35 .4 3 8 . 1 3 2 . 4 4 1 . 9D
c 4 4 . 1 3 8 . 2 4 0 . 0 4 4 . 4 4 2 . 5 3 4 . 1 4 6 . 0 4 3 . 8 3 7 . 3D
7 - 2 4 . 5 - - - - 3 6 . 8 4 0 . 8 3 1 . 3/
8
- - - - - — — 3 1 . 6 —
Pr M a x . 1 5 3 . 5 1 4 4 . 1 1 5 5 .1 1 2 4 . 9 9 6 . 3 1 1 2 . 8 8 6 . 4 1 0 2 . 3 1 2 6 . 5
1 i  •
M i n . 1 4 0 . 3 1 2 8 . 2 1 2 6 . 5 1 0 9 . 5 9 2 . 4 101 .8 7 3 . 7 9 8 . 5 1 0 8 . 9













S ag itta l  S e c t i o n s
S p e c i m e n s UA2022 UA2023 UA2024 UA2025 UA2026
1 . 0 8 6 .0 1 3 .1 2 2 . 1 3 6 . 1 4 3
2 . 1 2 9 .1 5 1 .1 9 0 . 2 2 4 .2 0 7
RV 3 - . 2 2 2 .2 9 1 . 3 0 9 . 2 8 4
4 .2 2 7 .3 1 3 .4 0 5 .4 6 4 .4 2 7
5 .3 5 9 .4 3 8 .5 7 8 .6 5 1 -
6 .5 3 7 - - - -
7 .7 2 9 - — — —
1 6 . 1 1 0 . 5 8 . 8 1 1 . 0 1 1 . 0
2 9 . 6 1 4 . 9 1 2 . 7 - 1 2 . 7
PT 3 - 1 7 . 6 1 6 . 0 1 9 . 3 1 7 . 6
4 1 7 . 6 1 5 . 4 2 0 . 4 2 8 . 1 2 9 . 2
5 2 2 . 0 2 3 . 7 2 5 . 3 3 4 . 7 -
6 4 1 . 3 - — — —
1 7 9 8 7 11
2 11 12 13 11 15
SC 3 - 17 17 15 19
4 - 14 20 16 17
5 11 15 16 18 -
6 17 17 20 — —
Pro M a x * 1 0 4 . 0 9 2 . 4 1 2 1 .5 1 4 0 . 8 1 7 4 . 9
M i n . 9 7 . 9 7 8 . 1 1 0 2 . 9 1 3 3 . 1 1 7 1 . 1














A xia l  S e c t i o n s




1 . 13 o 00 . 14
2 . 24 . 26 .32
3 . 3 8 .52 .73
4 . 48 . 76 1 . 2 4
5 .74 - -
1 . 0 8 . 0 8 .05
2 .15 .15 . 10
3 .21 .25 . 15
4 . 30 . 36 . 22
5 .41 .54 . 32
1 1 3 . 8 8 . 8 7 . 2
2 1 9 . 8 1 2 . 7 1 1 . 0
3 1 5 . 4 3 0 . 3 2 0 . 9
4 2 0 . 9 3 4 . 7 -
5 2 7 . 5 3 9 . 6 3 1 . 9














A xia l  S e c t i o h s





0 . 03 .02 -
1 . 04 . 04 . 04
2 . 06 . 07 .05
3 .07 .10 . 13
4 . 15 . 14 . 20
5 .21 .20 —
1 1 . 4 7 . 98 -
2 1 . 5 7 1 . 7 4 -
3 1 . 7 6 2 . 0 4 -
4 1 . 6 0 2 . 1 3 -
5 1 . 8 1 — —
1 7 9 . 5 7 5 . 0 7 4 . 5
2 4 0 . 8 7 2 . 8 5 3 . 1
3 3 9 . 7 4 0 . 2 5 1 . 7
4
5
3 6 . 1 5 2 . 5 4 3 . 5
M a x . 1 0 7 . 8 8 9 . 1 8 3 . 1
M i n . 9 4 . 6 8 8 . 0 6 9 . 3













S ag it ta l  S e c t io n





1 . 1 1 3
2 .1 6 1
3 . 2 2 9
4 .3 3 1
5 .4 1 5
1 1 1 . 0
2 1 2 . 7
3 1 6 . 5
4 2 0 . 4




M a x . 9 7 . 9
M i n . 9 1 . 9













A x ia l  S e c t i o n s
p e c i m e n s UA2033 UA2034 UA2035 UA2036 UA2037 UA2038 UA2039 UA2040 UA2041
1 .1 1 .0 9 .22 .10 .0 9 .10 .13 .1 4 .11
2 .21 .23 .55 .22 .2 4 .30 .32 .4 3 .2 3
HL 3 .4 0 .43 .97 .3 9 .5 3 .5 8 .7 3 .6 8 .61
4 .7 0 .84 - - . 97 .94 1 .3 0 1 . 3 9 .94
5 - - - - - 1 .4 5 - - 1 . 3 3
6 - - - - - - - - 2 . 1 3
1 .0 7 . 10 .14 .10 .0 8 .11 .11 .12 .0 9
2 .1 3 .16 .22 .15 .14 .16 .1 8 .1 9 .14
RV 3 .1 9 .25 .3 7 .22 .22 .23 .3 0 .31 .23
4 .31 .3 9 - - . 35 .34 .4 6 .4 8 .35
5 - - - - - .52 - - . 5 9
1 1 4 . 9 1 1 . 6 1 7 . 1 9 . 9 1 3 . 2 1 2 . 7 1 8 . 7 1 1 . 6 8 . 3
2 1 8 . 2 1 9 . 8 2 3 . 7 2 5 . 9 2 0 . 4 2 0 . 9 1 7 .1 2 0 . 9 1 0 . 5
PT 3 1 7 . 6 2 2 . 6 3 8 . 0 2 2 . 6 2 1 . 5 2 0 . 9 3 5 . 2 2 9 . 7 2 2 . 6
4 - 3 8 . 5 - - 3 0 . 3 2 7 . 5 - 4 8 . 4 3 1 . 9
5 - - - - - 5 1 . 2 - - 5 0 . 6













A xia l  S e c t io n s
S p e c im e n s UA2033 UA2034 UA2035 UA2036 UA2037 UA2038 UA2039 UA2040 UA2041
0 .02 .04 .0 6 .0 3 .0 3 .0 4 .04 .0 4
1 .05 .05 .11 .0 6 .0 5 .05 .0 6 .0 6 .0 6
TW 2 .0 9 .0 7 .23 .10 .0 8 .0 8 - .1 0 .0 9
3 .1 3 .15 - - .1 0 .14 - .21 .1 7
4 - .25 - - - - - - . 1 9
5 - - - - -■ - - - . 1 9
1 1 .5 1 .9 6 1 . 5 4 1 . 0 7 1 .1 5 .92 1 .2 3 1 .2 5 1 .2 5
2 1 . 6 7 1 . 3 9 2 . 4 3 1 .4 7 1 . 7 8 1 .9 0 1 . 8 0 2 . 2 5 1 . 5 8
FR 3 2 . 0 7 1 .7 1 2 . 6 0 1 .7 7 2 . 4 0 2 . 5 2 2 . 4 4 2 . 1 9 2 . 6 5
4 2 . 2 8 2 . 1 7 - - 2 . 8 0 2 . 7 2 2 . 8 2 2 . 8 7 2 . 6 9
5 - — — — 2 . 7 7 — 2 . 2 4
1
o 7 1 . 8 7 0 . 9 5 9 . 9 5 2 . 5 6 4 . 1 4 1 . 7 6 0 . 7 6 3 . 6 6 7 . 62 5 1 . 5 5 2 . 3 6 5 . 9 4 7 . 5 6 1 . 9 4 7 . 6 7 0 . 5 6 2 . 7 5 7 . 5
TS 3 5 9 . 8 5 4 . 5 - - 5 7 . 1 4 9 . 1 5 3 . 5 5 7 . 0 5 2 . 4
4
5
— — — — 5 2 . 0 — — 7 0 .1
P r o  M a X * 1 0 3 . 4 1 2 1 . 0 1 8 1 . 0 1 1 6 .1 9 7 . 4 1 3 9 . 7 1 6 3 . 4 1 4 4 .1 1 1 2 . 8rTO •
M i n . 8 5 . 3 1 1 2 . 2 1 5 1 . 3 1 1 2 . 8 8 3 . 1 1 3 7 . 5 1 2 4 . 9 1 1 9 . 4 9 5 . 7













A xia l  S e c t i o n s
S p e c i m e n s UA2042 UA2043 UA2044 UA2045 UA2046
1 . 16 . 10 . 28 .13 . 15
2 .35 .31 . 72 . 29 . 39
HL 3 .71 . 58 1 . 2 2 .54 .81
4 - .91 1 . 9 0 .92 1 . 2 2
5
6
1 . 9 4 1 . 9 2 1 . 3 7
1 .11 .10 .17 . 09 .11
2 . 18 . 15 . 33 . 15 . 18
RV 3 . 28 .23 . 57 . 24 . 30
4 .42 .33 . 98 .37 . 43
5 .70 . 57 - .61 -
1 1 2 . 1 1 2 . 1 2 0 . 4 1 2 . 1 9 . 4
2 1 6 . 5 1 3 . 2 3 6 . 9 1 6 . 0 1 6 . 5
PT 3 2 3 . 7 1 8 . 2 5 1 . 2 2 0 . 9 2 9 . 2
4 4 2 . 9 4 4 . 6 6 4 . 9 3 0 . 3 3 5 . 8
5 - 8 3 . 6 - 8 0 . 9 -













A xia l  S e c t i o n s
S p e c i m e n s UA2042 UA2043 UA2044 UA2045 UA2046
0 . 03 .03 . 06 . 04 . 03
1 .04 .04 - . 04 . 07
T W 2 . 09 .06 - . 06 .11
3 .16 .15 - - . 13
4
5
.30 .20 “ ““
1 1 . 4 5 1 .04 1 . 5 9 1 . 4 2 1 . 3 8
2 1 . 9 4 2 . 0 8 2 . 1 5 1 . 9 3 2 . 1 6
FR 3 2 . 5 6 2 . 5 7 2 . 1 2 2 . 2 6 2 . 6 8
4 - 2 . 7 3 1 . 9 4 2 . 4 8 2 . 8 3
5 2 . 7 9 3 . 3 7 — 2 . 2 4 —
1 6 4 . 5 5 2 . 5 9 2 . 0 6 5 . 0 6 2 . 1
2 5 5 . 6 5 1 . 6 7 1 . 6 5 6 . 2 6 6 . 3
TS 3 5 2 . 6 4 7 . 0 70 .  7 5 4 . 2 4 2 . 5
4
5
6 3 . 9 7 0 . 6 - 6 5 . 7 —
Pro M a x * 1 4 3 . 0 1 3 2 . 6 1 7 7 . 7 1 0 8 . 4 1 4 9 . 6
* M i n . 1 3 0 . 4 1 1 8 . 3 1 6 0 . 6 9 8 . 5 125 .4














S agit ta l  S e c t i o n s
















Pro. M a x ,  
M i n .
137
234
1 5 . 4
1 9 . 3
1 1 7 . 7
1 0 6 . 2
. 13 6
. 2 0 8
. 3 4 3
. 574
1 2 . 7
1 8 . 7  
3 4 .  1 




















A x ia l  S e c t io n s
S p e c im e n s UA2050 UA2051 UA2052 UA2053 UA2054 UA2055 UA2056 UA2057
1 .2 3 . 15 .2 8 .15 .1 6 .16 . 14 . 16
2 .4 6 .30 .61 .3 0 .36 .34 .2 8 .27
HL 3 .8 1 .44 .8 5 . 4 8 .5 5 .5 6 .4 9 .4 6
4 1 . 3 4 .75 1 . 1 6 .8 9 .91 .77 .84 .70
5 2 . 2 7 1 .2 0 1 . 7 3 1 .5 5 1 . 4 7 1 .3 4 1 . 7 9 1 .1 1
6 2 . 6 5 2 . 0 0 2 .7 1 2 . 6 5 2 . 0 0 2 . 5 4 2 . 6 5 1 . 7 8
7 - 2 . 4 1 3 . 7 2 3 . 6 0 3 . 1 7 - 3 . 6 2 2 . 8 1
8 - - - - - - - 3 . 5 0
1 .11 .10 . 16 .12 .11 .1 3 .12 .0 9
2 .1 9 .16 .24 .1 9 . 17 .21 .1 8 .13
RV 3 . 30 .22 .37 .2 8 .25 .3 3 .26 .20
4 .4 9 .34 .5 3 .41 .3 7 .4 9 .3 9 .31
5 . 7 8 .45 .72 .66 .5 8 .7 8 .61 .46
6 1 . 1 6 .66 1 .0 6 .94 .8 4 - . 9 3 .81
7 - - - 1 . 4 0 1 . 2 9 - 1 . 4 7 1 .2 2
1 1 8 . 7 1 5 . 4 1 2 . 7 9 . 9 1 1 . 6 9 . 4 1 2 . 1 1 2 . 7
2 2 3 .  1 1 7 . 6 1 5 . 4 1 7 . 6 1 9 . 8 2 2 . 0 1 6 . 5 1 2 . 7
PT 3 3 5 . 2 2 4 . 8 2 2 . 0 2 5 . 3 23 .1 2 7 . 0 3 0 . 3 2 1 . 5
4 7 1 . 0 3 7 . 4 3 9 . 1 3 5 . 2 4 4 . 0 5 2 . 3 2 9 . 2 -
5 6 8 . 2 4 0 . 2 4 5 . 1 7 1 . 5 6 8 . 2 6 2 . 7 7 2 .1 4 3 . 5
6 1 0 2 . 4 6 9 . 9 7 1 . 5 7 1 . 5 6 5 . 5 - 7 3 . 5 -
7 - 9 2 . 4 - 1 0 0 . 7 - - 7 1 . 5 -













A x ia l  S e c t io n s
S p e c im e n s UA2050 UA2051 UA2052 UA2053 UA2054 UA2055 UA2056 UA2057
0 .05 .04 .05 .05 .04 .04 .0 2 .04
1 .0 8 .05 .06 .05 .0 7 .07 .0 6 .05
TW 2 . 13 . 10 - .0 8 .0 9 .10 .0 8 .0 8
3 .1 8 .1 2 .12 .1 4 . 13 - . 15 .11
4 .3 6 .20 - - .2 0 - .2 2 .18
5 .61 .2 6 - - - - - -
6 - .37 - - - - — -
1 2 . 0 0 1 .4 2 1.  79 1 . 2 8 1 . 3 7 1 .2 2 1 . 1 9 1 .8 2
2 2 . 3 7 1 . 9 6 2 . 5 7 1 . 5 8 2 . 0 4 1 .6 0 1 . 6 2 2 . 0 8
FR 3 2 . 6 6 2 . 0 3 2 . 2 9 1 .74 2 . 2 2 1 .7 1 1 . 8 8 2 . 3 2
4 2 . 7 1 2 . 2 2 2 .  19 2 . 1 4 2 . 4 7 1 .5 5 2 . 1 6 2 . 2 7
5 2 . 8 9 2 . 6 4 2 .4 1 2 . 3 6 2 . 5 5 1 .7 2 2 . 9 5 2 . 3 9
6 2 . 2 8 3 .0 1 2 . 5 5 2 . 8 2 2 . 4 0 - 2 . 8 3 2 . 2 0
7 - - — 2 . 5 8 2 . 4 6 - 2 . 4 6 2 . 3 0
1
o 6 7 . 9 4 9 . 3 5 3 . 0 6 1 . 9 5 2 . 5 5 9 . 4 5 2 . 1 4 9 . 2Z 5 7 . 9 3 9 . 9 5 6 . 2 4 6 . 6 4 1 . 5 5 1 . 7 4 7 . 3 5 2 . 9
TS 3
A 6 1 . 7 5 4 . 2 4 2 . 2 4 8 . 3 4 8 . 3 5 1 . 6 5 0 . 2 5 6 . 64
r* 5 8 . 5 3 4 . 6 3 5 . 9 5 8 . 3 5 6 . 2 5 7 . 2 5 5 . 1 5 0 . 25
r 4 8 . 7 4 6 . 3 4 7 . 0 4 3 . 1 4 5 . 1 - 5 4 . 3 7 3 . 5D
7
— - — 4 8 . 7 5 3 . 9 — 5 7 . 2 5 1 . 1
Pro .  M a x - - 1 2 0 . 5 1 7 2 . 7 1 5 6 . 8 1 3 0 . 9 1 5 8 . 4 1 5 4 . 0 1 3 0 . 9
M i n . - 9 8 . 5 1 7 0 . 5 1 3 9 . 2 1 2 4 . 9 1 5 4 . 0 1 3 1 . 5 1 1 6 . 6











S ag itta l  S e c t i o n s
S p e c im e n s UA2058 UA2059 UA2060
1 .1 2 4 .1 0 7 . 1 4 0
2 .2 0 7 .1 1 7 .2 2 2
RV 3 . 3 4 7 . 2 4 8 -
4 . 6 0 0 . 4 0 4 .5 5 9
5 . 9 6 0 . 6 2 8 -
6 - . 9 1 5 -
1 — 1 0 .5 —
2 2 7 . 5 - 1 4 . 9
PT 3 3 2 . 5 2 3 . 7 -
4 4 6 . 8 5 8 . 9 1 0 0 . 7
5 8 8 . 6 6 2 . 2 -
6 - 8 1 . 4 -
1 9 9 9
2 14 14 15
SC 3 15 18 19
4 19 17 21
5 21 19 -
6 - 25 —
Pro.  M a x * 1 2 6 . 5 1 2 8 . 2 1 2 3 . 2
M i n . 1 2 0 . 5 1 1 5 . 0 1 1 3 . 9













A x ia l  S e c t i o n s
S p e c i m e n s UA2061 UA2062 UA2063 UA2064 UA2065 UA2066 UA2067 UA2068
1 . 13 .11 .21 . 12 . 15 .13 . 13 .15
2 . 20 .27 .45 .23 .32 .44 . 32 . 38
HL 3 . 35 .54 . 83 . 46 . 64 .75 . 65 . 66
4 . 6 8 .91 1 . 6 3 .77 1 . 0 1 1 . 2 0 1 . 2 0 -
5 1 . 1 7 1 . 4 9 2 . 3 3 1 . 3 2 1 . 7 4 2 . 0 0 1 . 7 9 -
6 - - 3 . 5 7 2 . 0 0 2 . 6 5 2 . 4 1 - -
1 .11 . 09 .14 .11 .12 .10 . 0 9 .10
2 . 16 .15 . 20 . 1 8 . 19 . 19 . 1 8 .17
RV 3 . 23 .22 .31 . 2 8 . 29 .28 . 33 .26
4 .37 . 38 .47 .45 .44 .45 .55 -
5 . 63 .65 . 7 6 . 73 . 76 . 68 . 86 -
6 - - 1 . 9 1 - 1 . 1 3 1 . 0 4 - -
7 - - 1 . 5 0 - - - - -
1 1 1 . 0 1 6 . 5 1 9 . 8 1 3 . 8 2 4 . 8 1 1 . 0 1 1 . 0 1 1 . 6
2 2 3 . 1 1 4 . 9 1 8 . 7 2 8 . 1 2 3 . 1 2 3 . 7 1 3 . 2 1 4 . 3
PT 3 2 4 . 8 2 4 . 2 3 7 . 4 2 3 . 7 - 3 4 . 1 3 6 . 9 2 3 . 1
4 4 0 . 2 4 4 . 6 4 2 . 4 4 3 . 5 7 3 . 7 4 0 . 2 6 0 . 5 -
5 6 9 . 9 6 7 . 1 8 0 . 9 8 7 . 5 7 3 . 2 6 4 . 9 7 5 . 9 -
6 - - 9 9 . 0 9 6 . 3 - 1 0 2 . 4 - -













A xia l  S e c t i o n s
S p e c i m e n s tJA2061 UA2062 UA2063 UA2064 UA2065 UA2066 UA2067 UA2068
0 .03 .03 .05 .02 .03 .04 .03 . 04
1 . o a .04 . 08 .06 . 06 .07 . 06 .06
TW 2 .11 .07 . 09 .12 . 0 9 . 09 . 13 .10
3 . 14 .12 .21 . 19 . 17 . 18 . 1 9 -
4 - . 22 - . 37 - . 29 - -
1 1 . 1 6 1 . 1 9 1 . 5 0 1 . 0 5 1 . 2 8 1 . 3 3 1 .50 1 . 5 2
2 1 . 2 5 1 . 8 4 2 . 2 4 1 . 3 0 1 . 6 6 2 . 3 7 1 . 8 2 2 . 2 0
FR 3 1 . 4 9 2 . 4 4 2 . 6 2 1 . 6 4 2 . 2 1 2 . 6 2 1 . 9 7 2 . 5 4
4 1 . 8 4 2 . 4 2 3 . 4 5 1 . 7 0 2 . 2 9 2 . 6 8 2 . 2 1 -
5 1 . 8 5 2 . 2 8 3 . 0 6 1 . 8 2 2 . 3 0 2 . 9 1 2 . 0 8 -
6 - - 3 . 0 0 2 . 3 6 2 . 3 2 —
1
r\ 5 0 . 2 6 0 . 5 4 1 . 7 5 6 . 9 6 4 . 9 8 8 . 7 1 0 1 . 5 7 5 . 8I 4 3 . 8 5 0 . 4 5 5 . 8 5 8 . 9 4 9 . 0 5 2 . 2 8 6 . 6 5 2 . 5
TS 3 5 7 . 9 7 0 . 7 5 0 . 2 6 1 . 2 5 2 . 5 5 6 . 5 6 5 . 6 -
4
r 7 1 . 9 7 3 . 8 6 1 . 2 6 1 . 0 7 1 . 9 5 3 . 6 5 7 . 4 -5
c
- - 5 5 . 8 - 4 8 . 2 5 1 . 8 - -
6
7
— 2 6 . 2 — — — ““
Pro.  M a x - 1 2 6 . 0 1 2 2 . 1 1 2 1 . 6 1 1 2 . 2 1 4 3 . 6 1 1 8 . 3 1 0 5 . 6 1 0 5 . 6
M i n . 1 0 5 . 6 1 0 6 . 2 1 1 0 . 0 1 0 9 . 5 1 3 5 . 3 1 1 3 . 3 9 8 . 5 9 5 . 7













A xia l  S e c t io n s
S p e c im e n s UA2070 UA2071 UA2072 UA2073 UA2074 UA2075 UA2076 UA2077 UA2078
1 .2 3 .17 . 14 .15 .2 3 .2 4 . 12 .2 6 .
2 .3 9 .30 .3 0 .32 .5 0 .4 8 .25 .4 2 -
HL 3 .6 3 .4 8 .7 0 - .81 .72 .53 .77 .7 4
4 - 1 . 0 3 1 .1 6 1 .3 5 1 . 4 0 1 . 3 5 - 1 .3 1 1 .2 4





3 . 1 0 2 . 3 7 2 . 7 0 2 . 8 7
1 .1 5 .12 .0 9 .15 .1 8 .15 .12 .14 .14
2 . 23 .17 .15 .25 .2 9 .25 . 19 .24 .22
RV 3 .3 2 .24 .21 .35 .4 4 .35 .30 .37 .3 3
4 .4 8 .3 9 .3 2 .5 6 .6 6 .54 .4 6 .55 .50
5 .7 6 .61 .50 .85 .93 .9 3 .77 .95 .7 6
6 - - . 6 9 - - 1 . 3 9 1 . 1 7 1 . 3 9 1 . 1 8
1 2 3 . 7 1 3 . 8 9 . 4 1 7 . 1 1 6 . 5 1 1 . 6 1 4 . 9 1 8 . 2 1 4 . 9
2 1 8 . 7 1 6 . 5 1 0 . 5 2 8 . 6 1 7 . 6 1 3 . 2 1 9 . 8 3 0 . 3 2 3 . 1
PT 3 2 4 . 2 3 2 . 5 1 9 . 3 2 9 . 7 1 6 . 5 2 8 . 1 1 5 . 4 5 0 . 1 4 3 . 5
4 5 7 . 2 4 0 . 2 3 0 . 3 - 5 9 . 4 4 5 . 7 3 3 . 6 6 1 . 6 6 3 . 8
5 8 2 . 0 5 8 . 3 4 5 . 7 8 0 . 3 9 3 . 5 1 0 6 .2 7 8 . 7 - 1 1 6 . 7
6 - - - - - 1 4 0 . 3 - - -













A x ia l  S e c t i o n s
Spec i mens UA2070 UA2071 UA2072 UA2073 UA2074 UA2075 UA2076 UA2077 UA2078
0 . 05 .03 . 03 .04 .05 .04 . 03 . 04 . 04
1 . 06 .04 . 05 .05 . 06 .06 .07 . 0 8 . 06
TW 2 .12 .06 . 06 . 08 .11 . 13 .10 .10 .10
3 . 19 . 12 . 12 . 19 - . 18 - . 24 . 18
4 . 29 .22 . 17 - - - - - -
1 1 . 5 2 1 . 4 3 1 . 4 6 1 . 0 0 1 . 2 6 1 . 6 0 1 . 0 3 1 . 7 6 -
2 1 . 6 8 1 . 8 1 2 . 0 3 1 . 3 1 1 . 7 3 1 . 9 2 1 . 3 3 1 . 7 9 -
FR 3 1 . 9 5 1 . 9 8 3 . 3 2 - 1 . 8 5 2 . 0 6 1 . 7 5 2 . 0 7 2 . 2 7
4 - 2 . 6 2 3.  63 2 . 4 0 2 . 1 1 2 . 4 8 - 2 . 4 0 2 . 4 9
5 - 2 . 5 3 3 . 5 2 3 . 1 5 2 . 5 0 2 . 2 9 2 . 0 6 2 . 2 1 2 . 7 5
6 — - - — — 2 . 2 3 2 . 0 2 1 . 9 4 2 . 4 2
1
o 5 3 . 1 4 2 . 6 5 5 . 4 6 7 . 8 5 8 . 9 6 6 . 4 5 9 . 6 6 3 . 0 5 8 . 4
TQ 3 9 . 7 4 5 . 3 4 2 . 9 4 1 . 5 5 1 . 1 3 9 . 6 6 1 . 4 5 6 . 6 4 8 . 11 O O
4 4 9 . 9 6 2 . 0 5 2 . 4 5 9 . 9 5 1 . 3 55 .9 5 3 . 0 4 6 . 9 5 1 . 4*
c: 5 7 . 8 5 6 . 6 5 7 . 4 5 0 . 3 4 0 . 3 7 1 . 9 6 6 . 0 7 3 . 3 5 2 . 9o
6
— — 3 7 . 7 *“ 4 8 . 7 5 2 . 2 4 6 . 6 5 5 . 8
Pr a M a x . 1 7 4 . 9 1 5 6 . 8 1 3 0 . 9 1 7 4 . 4 2 3 8 . 7 1 8 5 . 9 1 4 4 . 1 1 7 3 . 8 1 6 8 . 3rl  O •
M i n . 1 7 1 . 1 1 5 6 . 8 1 2 4 . 3 1 7 2 . 2 2 2 2 . 8 1 7 8 . 8 1 4 3 . 0 1 7 2 . 2 1 6 5 . 0













A x ia l  S e c t i o n





2 . 2 8
3 . 4 8
4 . 78
cn 1 . 2 4
6 2 . 1 5
7 3 . 0 3





CD . 9 8
1 1 1 . 0
2 1 5 . 4CO 1 8 . 2
4 5 4 . 5
5 8 1 . 4
6 6 8 . 8













A x ia l  S e c t i o n










1 1 . 3 2
2 1 . 8 0
3 2 . 1 4
4 2 . 2 1
5 1 . 9 7
6 2 . 2 0
1
9 8 0 . 6
4 4 . 6
4 6 0 . 1
e; 7 6 . 6
6 5 5 . 7
M a x .
M i n . _













Sagit ta l  S e c t i o n






2 . 2 7 7
3 -
4 . 66 5
5 -
1 1 8 . 7
2 2 4 . 8
3 3 1 . 4





M a x . 1 5 5 . 1
M i n . 1 4 8 . 5













A x ia l  S e c t i o n s
S p e c i m e n s UA2084 U A2 08 5 UA2086 UA2087 UA2088 UA2089
1 . 19 . 26 . 13 .23 . 2 6 .20
2 . 39 . 5 9 . 36 .52 . 4 6 . 53
HL 3 . 56 1 . 0 3 . 69 1 . 0 2 . 82 .82
4 1 . 0 2 1 . 5 4 . 9 8 1 . 6 0 - 1 . 2 1
5 2 . 0 5 2 . 3 9 - 2 . 5 9 2 . 6 6 2 . 0 4
6 3 . 3 5 3 . 2 6 2 . 7 5 - - -
7 4 . 4 2 - - - - -
1 . 15 . 15 .11 . 14 . 13 . 13
2 .22 . 26 . 18 . 23 . 22 .21
RV 3 . 32 .41 . 2 8 .32 . 33 . 34
4 . 4 6 .61 . 43 .55 - .54
5 .70 .85 .67 . 83 - -
6 1 . 0 0 1 . 2 8 1 . 0 8 - - -
1 1 6 . 0 1 9 . 3 1 3 . 8 1 6 . 0 1 2 . 7 1 8 . 2
2 2 4 . 2 2 5 . 3 2 3 . 7 3 1 . 4 2 2 . 6 2 3 . 7
PT 3 2 3 . 7 4 0 . 7 3 3 . 0 4 2 . 9 5 1 . 2 3 1 . 9
4 5 3 . 4 4 7 . 9 4 1 . 3 7 4 . 3 - 5 8 . 3
5 7 1 . 5 81 .4 7 1 . 0 9 7 . 4 - -
6 6 9 . 3 1 0 7 . 3 8 0 . 3 - - -


















Ax i a l  S e c t i o n s
imens UA2084 UA2085 UA2086 UA2087 UA2088 UA2089
0 . 04 . 05 .04 .04 .04 .05
1 . 06 .07 . 04 . 07 .06 . 08
2 . 09 .11 . 0 9 .14 - . 10
3 . 16 .17 . 16 . 24 . 12 . 30
4 - . 56 - - - -
5 .51 - - — —
1 1 . 3 2 1 . 7 8 1 . 1 8 1 . 6 3 2 . 0 6 1 . 5 8
2 1 . 8 0 2 . 2 7 2 . 0 3 2 . 3 2 2 . 1 1 2 . 5 0
3 1 . 7 8 2 . 4 9 2 . 4 3 3 . 2 0 2 . 5 0 2 . 3 8
4 2 . 2 2 2 . 5 3 2 . 3 1 2 . 9 0 - 2 . 2 6
5 2 . 9 3 2 . 8 1 - 3 . 1 1 - -
6 3 . 3 4 2 . 5 5 2 . 5 4 — “
1
o 4 8 . 9 7 6 . 7 6 6 . 1 5 8 . 5 7 0 . 4 7 1 . 2L
T 4 4 . 6 5 9 . 5 6 0 . 4 4 0 . 5 5 0 .  7 6 0 . 7O
4 4 4 . 9 4 6 . 7 5 0 . 5 7 3 . 0 - 5 6 . 1
c. 5 2 . 5 3 9 . 7 5 7 . 1 5 1 . 6 - -O
6 4 2 . 9 5 0 . 3 6 1 . 3
“
M a x . 1 8 6 . 5 1 9 9 . 7 1 0 3 . 4 1 7 2 . 2 1 9 3 . 1 1 6 3 . 9
M i n . 1 8 1 . 0 1 6 3 . 3 100 .  7 1 6 3 . 9 1 8 5 . 4 1 3 0 . 9













Sagit ta l  S e c t i o n






2 . 2 8 4
3 . 4 6 0
4 . 6 9 2
5 1 . 1 1 7
1 1 5 . 4
2 -
3 4 2 . 9
4 -






M a x . 1 4 8 . 5
M i n . 1 2 5 . 4













A xia l  S e c t i o n s
S p e c i m e n s UA2094 UA2095 UA2096 UA2097 UA2098 UA2099 UA2100 UA2101 UA2102
1 . 16 . 16 . 15 .13 . 15 . 15 . 28 . 16 . 26
2 .31 .31 .42 . 38 . 29 . 3 3 .50 . 40 . 58
HL 3 . 63 .63 .78 .76 . 74 . 59 . 90 .85 1 . 1 1
4 .94 1 . 0 8 1 . 4 3 1 . 2 7 1 . 3 2 . 106 1 . 7 8 1 . 4 1 2 . 1 5
5 1 . 7 3 - 2 . 3 7 2 . 1 4 2 . 2 2 - 3 . 0 7 2 . 4 9 -
6
7
2 . 6 1 — 2 . 6 4 _ 4 . 8 0
1 .15 . 13 . 16 .08 .15 .14 . 16 . 13 . 17
2 . 25 .21 .25 .17 .25 . 2 3 .25 .21 . 30
RV 3 . 36 . 36 . 42 .31 . 40 . 36 .40 . 36 .45
4 .61 . 68 .62 . 52 .64 . 5 8 .66 . 57 .70
5 1 . 0 1 - - . 90 - - 1 . 0 2 .81 -
6 - - - 1 . 2 4 - - 1 . 4 1 - -
1 1 3 . 2 2 0 . 4 1 4 . 9 1 5 . 4 1 2 . 1 1 4 . 9 1 7 . 1 9 . 9 1 4 . 9
2 1 7 . 6 2 1 . 5 2 4 . 2 1 6 . 5 2 2 . 0 1 9 . 8 2 5 . 9 1 7 . 1 2 5 . 9
PT 3 2 5 . 9 4 6 . 8 4 9 . 0 3 8 . 0 4 0 . 7 3 3 . 0 3 4 . 7 3 1 . 9 4 5 . 7
4 5 0 . 6 - - 4 5 . 7 7 1 . 0 5 7 . 8 7 6 . 5 7 8 . 7 5 0 . 6
5 9 1 . 3 - 8 2 . 0 - - - 8 9 . 7 5 2 . 8 -
6 - - - - - - 9 0 . 8 - -
7 - - - - - - - - -













A xia l  S e c t i o n s
S p e c i m e n s UA2094 UA2095 UA2096 UA2097 UA2098 UA2099 UA2100 UA2101 UA2102
0 .05 . 06 . 05 . . 06 .05 .06 .05 . 06
1 . 06 .11 . 09 - . 0 8 . 08 . 10 . 08 . 12
TW 2 .11 - . 14 - . 14 .15 . 18 .15 .21





“ . 6 9
1 1 . 0 4 1 . 2 5 . 95 1 . 5 0 1 . 0 0 1 . 0 9 1 . 7 3 1 . 2 6 1 . 5 1
2 1 . 2 6 1 . 4 9 1 . 7 0 2 . 2 1 1 . 1 8 1 . 4 5 1 . 9 6 1 . 9 3 1 . 9 6
FR 3 1 . 7 4 1 . 7 3 1 . 8 5 2 . 4 1 1 . 8 3 1 . 6 2 2 . 2 8 2 . 3 5 2 . 4 5
4 1 . 5 5 1 . 5 7 2 . 3 2 2 . 4 5 2 . 0 8 1 . 8 3 2 . 6 8 2 . 4 8 3 . 0 6
5 1 . 7 1 - - 2 . 3 7 - - 3 . 0 1 3 . 0 9 -
6 — — — 2 . 1 3 — — 3 . 4 0 —
1
o 6 0 . 5 6 7 . 8 5 9 . 2 1 0 6 . 9 6 4 . 9 6 0 . 8 5 9 . 6 6 2 . 7 7 5 . 0L
m  o o 4 6 . 3 7 1 . 1 6 9 . 0 8 3 . 2 6 2 . 2 5 8 . 5 5 5 . 5 7 4 . 9 5 2 . 5TS o
A 6 7 . 7 8 9 . 5 4 7 . 0 6 4 . 6 5 7 . 8 6 1 . 0 6 7 . 1 5 6 . 5 5 5 . 34
c 6 6 . 9 - - 7 4 . 2 - - 3 8 . 4 - -5
6
— — 3 7 . 1 — 3 8 . 4 —
Pro Max> 1 9 3 . 6 1 4 0 . 3 1 2 3 . 8
_ 1 8 3 . 7 1 7 2 . 7 2 2 5 . 5 1 6 3 . 4 2 2 8 . 81 1 U•
M i n . 1 8 6 . 5 1 3 0 . 9 1 7 2 . 2 “ 1 7 7 . 7 1 7 0 . 0 1 9 5 . 8 1 5 4 . 0 1 9 6 . 9













A x ia l  S e c t i o n s
S p e c i m e n s UA2103 UA2104 UA2105 UA2106 UA2107 UA2108 UA2109 UA2110 UA2111
1 . 2 7 . 19 . 2 1 . 3 0 . 1 6 . 2 0 . 1 8 . 3 0 . 2 6
2 . 7 0 . 49 .55 . 7 1 . 41 . 4 4 . 45 . 64 . 64
HL 3 1 . 5 6 .95 1 . 0 1 1 . 4 4 . 7 7 . 90 . 9 6 1 . 0 3 1 . 3 0
4 2 . 2 1 1 . 7 4 1 . 8 8 2 . 0 0 1 . 4 6 1 . 2 1 1 . 6 2 1 . 9 1 2 . 0 2
5 3 . 0 5 2 . 5 8 2 . 7 6 3 . 6 5 2 . 1 1 2 . 1 1 2 . 6 5 3 . 2 3 -
6 - - 4 . 0 2 - 3 . 1 8 3 . 1 0 3 . 8 6 - -
7 — - — — - 4 . 3 6 — - -
1 . 1 5 . 1 7 . 1 4 . 1 8 .11 . 09 . 1 3 . 14 . 15
2 . 2 6 . 27 . 2 2 . 2 8 . 1 9 . 15 . 2 1 . 23 . 2 8
RV 3 . 4 8 . 4 1 . 3 9 . 4 7 . 3 2 . 2 2 . 3 5 . 4 3 . 4 8
4 . 8 0 . 6 1 . 6 3 . 7 3 . 5 0 . 3 6 . 5 8 . 7 0 . 7 8
5 1 . 2 3 . 89 . 9 9 1 . 0 1 . 7 9 . 5 6 . 9 3 1 . 1 0 1 . 1 3
6 — — 1 . 3 2 - 1 . 1 6 1 . 2 4 1 . 4 0 - -
1 1 6 . 5 1 8 . 2 1 3 . 2 1 7 . 1 1 2 . 7 1 2 . 1 1 3 . 2 1 6 . 0 1 6 . 5
2 2 6 . 4 2 6 . 4 2 1 . 5 2 2 . 6 2 0 . 9 1 6 . 0 2 3 . 1 2 0 . 4 3 0 . 8
PT 3 5 3 . 4 3 6 . 3 3 4 . 7 4 4 . 0 2 9 . 2 4 1 . 3 5 8 . 9 4 0 . 7 -
4 7 4 . 3 7 1 . 0 9 9 . 6 5 9 . 4 4 7 . 9 5 8 . 3 5 4 . 5 6 2 . 7 8 8 . 0
5 7 4 . 8 8 3 . 1 7 3 . 2 5 6 . 7 9 7 . 9 7 9 . 2 8 9 . 7 9 7 . 9 9 9 . 6
6 - - 7 8 . 7 - 7 2 . 6 9 2 . 4 1 4 2 . 5 - -
7 - - - - - 9 9 . 0 - - -













A x ia l  S e c t i o n s
S p e c i m e n s UA2103 UA2104 UA2105 UA2106 UA2107 UA2108 UA2109 UA2110 UA2111
0 . 0 7 .05 . 0 6 . 07 .05 . 06 .05 . 07 . 06
1 . 13 .10 .11 .14 . 0 8 . 10 . 09 . 13 .14
T W  2 .31 .25 .22 .31 .12 .16 . 16 .25 . 26
3 . 46 .64 .32 - . 2 8 . 23 . 37 . 53 -
4
5
1 . 2 1
—m
1 . 2 4 — . 47 .72 .64 . 60
1 1 . 7 9 1 . 1 3 1 . 4 7 1 . 7 3 1 . 3 8 2 . 2 0 1 . 4 1 2 . 1 2 1 . 6 6
2 2 . 6 5 1 . 7 9 2 . 4 4 2 . 4 9 2 .  14 2 . 9 8 2 . 1 3 2 . 7 4 2 . 2 7
FR 3 3 . 2 5 2 . 3 0 2 . 5 9 3 . 0 5 2 . 4 4 4 . 0 8 2 . 7 5 2 . 4 1 2 . 7 3
4 2 .  78 2 . 8 4 2 . 9 7 2 . 7 5 2 . 9 0 3 . 3 5 2 . 8 0 2 . 7 3 2 . 6 0
5 2 . 4 7 2 . 8 8 2 . 8 0 3 . 6 0 2 . 6 7 3 . 7 9 2 . 8 3 2 . 9 3 -
6 - - 3 . 0 4 — 2 . 7 4 3 . 8 6 2 . 7 5 —
1
o 7 3 . 4 6 2 . 8 5 5 . 0 6 0 . 9 6 6 . 1 6 3 . 6 6 2 . 8 6 1 . 9 8 3 . 52 8 1 . 3 5 0 . 9 7 3 . 4 65 .7 6 6 . 5 5 0 . 4 6 5 . 0 8 3 . 3 6 8 . 1
TS 3 6 6 . 0 4 7 . 7 6 1 . 9 5 4 . 6 5 9 .  1 6 4 . 6 6 5 . 0 6 4 . 0 6 3 . 1
4 5 5 . 0 4 6 . 1 5 6 . 1 3 9 . 1 5 6 . 9 5 3 . 7 6 1 . 7 5 7 . 7 4 5 . 2
5
6
- - 3 3 . 6 “ 4 7 . 2 4 3 . 9 4 9 . 8 “
Pro M a x - 2 0 2 . 4 2 1 1 . 2 1 9 1 . 4 2 3 0 . 5 1 4 8 . 5 2 1 1 . 8 1 6 9 . 4 1 8 2 . 1 1 9 4 . 7n U i
M i n . 1 8 4 . 3 1 9 1 . 4 1 8 1 . 5 205 .2 134 .2 1 8 3 . 7 1 5 4 . 6 1 6 7 . 8 1 9 2 . 5













A xia l  S e c t i o n s
S p e c i m e n s UA2112 UA2113 UA2114 UA2115 UA2116 UA 2 117 UA2118 UA2119 UA2120
1 .22 . 23 .20 . 10 . 20 . 22 .15 . 13 . 24
2 .54 .62 . 43 . 18 . 47 .41 . 2 8 . 32 .51
HL 3 .71 1 . 0 8 .81 . 40 . 7 8 . 79 .60 . 63 . 98
4 2 . 0 1 1 . 6 4 1 . 3 6 .91 1 . 7 9 1 .26 1 . 3 6 1 . 3 8 1 . 9  7
5 3 . 3 7 2 . 8 7 2 . 4 2 1 . 7 4 2 . 8 6 2 . 1 2 2 . 1 2 2 . 2 1 -
6
7
4 . 0 1 3 . 5 7 2 . 7 7 2 . 9 3 —
1 .17 .15 . 1 3 .10 . 14 .15 . 13 . 10 . 23
2 .27 .24 .21 .16 . 24 .22 . 19 . 16 .35
RV 3 . 4 3 .40 .34 . 2 6 . 37 . 34 . 30 . 27 .55
4 .65 . 63 . 5 8 .40 . 63 .54 . 48 . 48 .86
5 . 9 8 . 96 .91 .61 . 9 8 .86 . 75 . 69 -
6 - 1 . 3 2 1 . 2 6 . 90 - 1 . 2 9 - 1 . 1 0 -
1 1 2 . 7 1 2 . 1 7 . 7 1 1 . 0 1 6 . 5 1 9 . 8 1 0 . 5 9 . 4 2 9 . 2
2 2 5 . 3 2 3 . 7 2 6 . 4 1 6 . 5 2 0 . 9 3 8 . 0 - 1 9 . 3 5 2 . 8
PT 3 3 8 . 0 3 8 . 5 3 5 . 8 1 4 . 9 6 0 . 5 2 4 . 8 3 1 . 4 3 8 . 5 5 1 . 2
4 5 0 . 6 5 2 . 3 6 0 . 5 2 2 . 0 8 1 . 4 7 4 . 3 7 5 . 9 5 7 . 2 9 5 . 2
5 1 0 8 . 4 1 1 4 . 5 8 4 . 2 4 2 . 9 - 8 1 . 4 - - -
6 - 8 1 . 4 6 6 . 0 9 0 . 9 - 9 6 . 8 - 8 7 . 5 -
7 - - - - - - - - -














A xia l  S e c t i o n s
S p e c i m e n s UA2112 UA2113 UA2114 UA2115 UA2116 UA2117 UA2118 UA2119 UA2120
0 . 06 . 08 .05 .05 .05 . 04 . 03 . 05
1 . 13 . 12 . 10 - . 05 . 09 . 0 8 . 07 .11
T W 2 . 23 - . 20 . 10 . 12 .14 . 1 7 . 16 -
3 . 43 - . 23 . 2 8 - - . 2 8 .25 . 34
4 . 69 . 66 . 43 . 3 8 - - - - -
5 - - . 62 - - . 69 - - -
1 1 . 3 2 1 . 5 0 1 . 5 1 1 . 0 3 1 . 4 0 1 . 4 9 1 . 1 5 1 . 3 4 1 . 0 6
2 2 . 0 4 2 . 5 4 2 . 0 2 1 . 1 6 1 . 9 9 1 . 8 6 1 . 4 5 1 . 9 8 1 . 4 6
FR 3 1 . 6 6 2 . 7 0 2 . 4 1 1 . 5 4 2 . 1 1 2 . 3 0 2 . 3 1 2 . 3 4 1 . 7 7
4 3 . 0 6 2 . 6 2 2 . 3 5 2 . 2 9 2 . 8 5 2 . 3 4 2 . 8 1 2 . 8 8 2 . 2 8
5 3 . 4 3 2 . 9 9 2 . 6 6 2 . 7 7 2 . 9 1 2 . 4 7 2 . 8 2 3 . 2 2 -
6 — 3 . 0 4 2 . 8 3 3 . 1 0 — 2 . 2 7 ” —
1
o 5 8 . 6 5 8 . 0 6 0 . 8 6 0 . 1 6 8 . 7 5 1 . 3 4 5 . 4 6 0 . 8 5 1 . 4La
mq Q 6 1 . 6 6 5 . 3 5 7 . 4 6 3 . 8 5 4 . 9 5 3 . 9 5 5 . 5 6 5 . 2 5 9 . 2ID O 
A 5 1 . 7 5 5 . 9 7 2 . 6 5 3 . 7 7 0 . 7 5 7 . 6 6 2 . 7 7 8 . 6 5 6 . 0H
5 0 . 1 5 3 . 4 5 6 . 3 5 6 . 9 5 6 . 2 5 8 . 4 5 5 . 7 4 3 . 4 -j
6
- 3 7 . 4 3 8 . 8 4 2 . 8 5 0 . 5 — 5 9 . 9
Pro M a x - 225 .0 2 2 2 . 8 1 4 8 . 5 1 2 7 . 6 1 8 9 . 8 1 8 5 . 4 1 8 2 . 6 1 5 1 . 3 1 8 0 . 4r l kj•
M i n . 2 0 0 . 8 1 8 8 . 7 1 4 1 . 4 1 2 2 . 1 1 7 3 . 3 1 4 9 . 6 1 6 1 . 2 1 4 0 . 3 1 6 3 . 4













Sagit ta l  S e c t i o n s
S p e c i m e n s UA2121 UA2122 UA2123 UA2124
1 . 21 2 . 177 .27 7 . 182
2 . 31 3 . 2 8 2 .45 2 . 2 8 7
RV 3 . 4 7 3 . 4 4 5 . 7 0 3 . 46 1
4 . 7 5 6 . 7 1 4 1 . 0 3 6 . 7 1 8
5 1 . 0 8 1 1 . 0 4 6 1 . 4 9 2 1 . 07 7
6 1 . 5 4 6 - - —
1 1 4 . 9 9 . 9 1 3 . 2 1 3 . 8
2 2 7 . 5 2 3 . 7 2 4 . 8 2 0 . 9
PT 3 4 6 . 2 4 2 . 9 4 5 . 7 5 1 . 2
4 6 3 . 3 5 7 . 2 6 6 . 0 5 8 . 9
5 7 5 . 4 7 3 . 2 8 9 . 1 9 1 . 9
6 - - 8 4 . 7 -
1 14 11 9 12
2 22 16 16 18
SC 3 24 15 19 18
4 27 19 19 18
5 30 24 21 23
6 - - 24 -
Pro M a x ‘ 2 4 8 . 1 1 8 1 . 0 1 8 7 . 6 2 1 8 . 9n  u •
M i n . 1 9 8 . 0 1 7 9 . 3 1 7 8 . 2 210 .1













A xia l  S e c t i o n s
S p e c i m e n s UA2137 UA2138 UA2139 UA2140 UA2141 UA2142 UA2143 UA2144 UA2145
1 .11 . 08 .11 . 09 . 13 . 10 . 13 . 08 .08
2 . 22 . 18 . 25 . 32 . 20 .21 . 2 9 .13 .21
HL 3 . 56 . 33 . 38 . 50 . 3 8 . 37 . 6 6 .33 -
4 1 . 0 0 . 59 . 58 - . 78 - - . 73 -
5 1 . 5 0 . 98 . 84 1 . 5 5 1 . 3 0 1 . 5 6 1 . 5 3 1 . 0 5 1 . 2 2
6 2 . 4 0 1 .61 1 . 5 4 2 . 0 5 1 . 8 9 2 . 1 1 2 . 1 3 1 . 5 7 2 . 0 7
7 3 . 2 3 2. '2 8 2 .  33 2 . 5 3 2 . 6 7 2 . 5 9 2 . 7 1 2 . 2 9 2 . 8 6
8 - 2 . 9 7 3 . 0 7 - - - - - -
1 . 08 . 08 .09 . 07 . 10 . 08 . 0 8 .05 . 06
2 .13 .11 .15 . 10 . 16 .12 . 16 . 09 .12
RV 3 .22 .17 .22 . 16 .24 . 17 .23 .16 .17
4 .35 .24 .36 . 22 . 39 . 28 . 35 . 26 . 26
5 . 69 .41 .55 . 40 . 59 .45 .51 .43 .42
6 1 . 1 9 .59 .87 . 6 9 .95 . 74 .81 .69 . 7 8
7 - 1 . 0 0 1 . 2 9 1 . 1 1 - 1 . 1 9 - - -
8 - 1 . 5 4 - - - - - - -
1 1 7 . 6 9 . 4 1 1 . 0 9 . 9 1 2 . 1 1 5 . 4 1 9 . 3 1 1 . 0 1 6 . 5
2 2 4 . 8 15 .4 2 3 . 1 1 3 . 8 1 9 . 3 1 6 . 0 2 7 . 5 1 6 . 0 1 2 . 1
PT 3 1 9 . 3 2 0 . 4 2 3 . 7 2 3 . 1 2 3 . 1 2 8 . 6 3 4 . 7 2 9 . 2 3 3 . 0
4 3 2 . 5 2 7 . 5 3 8 . 0 4 2 . 4 2 5 . 9 3 2 . 5 - 3 0 . 3 4 0 . 2
5 6 9 . 9 3 3 . 6 6 2 . 2 5 2 . 3 3 8 . 0 5 1 . 7 5 1 . 7 4 3 . 5 5 6 . 1
6 8 3 . 1 4 4 . 0 9 0 . 8 6 4 . 9 5 2 . 8 6 4 . 9 7 1 . 5 4 9 . 0 7 2 . 6
7 - 6 9 . 3 9 7 . 4 6 8 . 2 8 8 . 0 8 4 . 7 - - -
8 - 7 7 . 0 - - - - - - -












A x ia l  S e c t i o n s
S p e c i m e n s UA2137 UA2138 UA2139 UA2140 UA2141 UA2142 UA2143 UA2144 UA2145
0 . 03 . 03 . 03 . 02 __ ir . 02 .02 .02
1 . 04 . 03 . 03 . 03 . 0 3 .04 .04 .02 . 03
TW 2 . 07 .04 . 04 . 06 . 04 . 06 . 12 .04 .05
3 . 12 .05 . 10 .12 . 0 8 .12 . 13 . 09 .08
4 - . 10 - - - - - - -
5 - . 20 . 28 - - - - - —
1 1 . 2 9 1 . 0 8 1 . 2 9 1 . 3 2 1.  31 1.  30 1 . 5 7 1 . 4 8 1 . 2 8
2 1 . 6 9 1 . 5 6 1 . 6 1 3 . 2 8 1 . 2 3 1 . 7 4 1 . 8 5 1 . 4 1 1 . 7 8
FR 3 2 . 5 9 2 . 0 1 1 . 6 7 3 .  14 1 . 5 6 2 . 1 3 2 . 8 5 2 . 0 6 -
4 2 . 8 4 2 . 4 8 1 . 6 3 - 2 . 0 0 - - 2 . 7 8 -
5 2 . 1 7 2 . 4 2 1 . 5 3 3 . 8 3 2 . 2 1 3 . 4 5 2 . 9 7 2 . 4 5 2 . 8 8
6 2 . 0 1 2 . 7 1 1.  77 2 . 9 7 1 . 9 7 2 . 8 3 2 . 6 4 2 . 2 7 2 . 6 6
7 - 2 . 2 8 1 . 8 1 2 . 2 8 - 2 . 1 8 - - -
8 1 . 9 3 — — ““ —
1
9 5 7 . 1 4 2 . 4 7 1 . 6 4 2 . 0 5 6 . 2 5 0 . 8 8 1 . 8 7 1 . 9 7 9 . 9L
TC 9 6 4 . 6 4 7 . 0 4 6 . 9 6 1 . 0 5 1 . 0 4 6 . 4 4 7 . 3 6 6 . 9 4 5 . 2ID O 
4 6 1 . 7 4 2 . 1 5 9 . 2 4 0 . 7 6 0 . 5 6 0 . 3 5 4 . 1 6 4 . 0 5 2 . 2
c 96 .  1 7 1 . 7 5 2 . 8 8 0 . 0 5 1 . 6 6 1 . 9 4 5 . 2 6 3 . 5 6 5 . 2j
a 7 3 . 2 4 5 . 5 5 9 . 0 7 0 . 8 6 1 . 8 6 5 . 0 5 6 . 9 6 1 . 1 8 3 . 7VJ
7 - 6 8 . 7 4 8 . 0 6 1 . 0 - 5 9 . 2 - - -
8
— 5 4 . 3 i - “
M a x . 9 4 . 1 _ 9 5 . 2 9 7 . 9 8 6 . 9 1 0 8 . 4 1 0 8 . 4 7 2 . 1 8 2 . 0
Pr o - M i n . 8 5 . 8 - - 9 0 . 2 8 6 . 4 1 0 6 . 2 1 0 2 . 3 6 4 . 9 7 5 . 9













A xia l  S e c t i o n s
S p e c i m e n s UA2146 UA2147 UA2148 UA2149 UA2150 UA2151 UA2152 UA2153 UA2154
1 . 07 . 07 . 13 . 13 _ . 10 . 16 .10 . 10
2 . 14 . 17 .20 .25 .31 .21 . 29 .23 .20
HL 3 .30 .35 . 46 .36 . 59 .56 . 6 0 .41 .41
4 . 56 . 72 . 79 - . 90 - 1 . 1 3 .81 . 63
5 1 . 0 2 1.  14 1 . 7 0 - 1 . 5 9 - 1 . 4 6 1 . 5 3 1 . 0 6
6 1 . 6 8 1 . 9 3 2 . 6 5 1 . 9 0 - 1 . 58 2 . 1 0 2 . 0 8 -
7 2 . 5 4 2 . 4 1 3 . 2 9 - - - - 2 . 8 1 -
8 - - - - - - - 3 . 4 0 -
1 .07 . 08 . 0 9 . 0 8 . 09 . 09 . 10 . 07 . 07
2 .11 .12 .15 . 1 3 . 15 . 13 . 15 . 10 .11
RV 3 . 1 8 . 15 .21 . 1 9 .23 . 18 . 24 .17 .17
4 . 26 .24 . 30 . 2 9 . 3 9 .26 . 35 .25 .27
5 . 3 8 . 40 .55 . 49 .60 .44 . 57 . 38 . 44
6 . 73 . 66 . 90 . 78 - . 62 1 . 0 3 .56 -
7 1 . 1 8 1 . 1 6 1 . 4 3 - - - - . . 97 -
8 - - - - - - - 1 . 4 2 -
1 1 2 . 1 1 6 . 5 1 7 . 6 1 1 . 0 1 7 . 6 1 2 . 1 1 4 . 3 9 . 9 7 . 7
2 1 4 . 3 1 6 . 5 2 7 . 0 1 4 . 3 2 2 . 0 1 6 . 5 1 5 . 4 1 2 . 7 -
PT 3 3 0 . 3 1 8 . 2 2 3 .  1 1 7 . 1 3 0 . 3 1 7 . 6 3 1 . 9 2 2 . 0 1 7 . 6
4 2 6 . 4 2 5 . 3 4 7 . 9 6 1 . 6 4 1 . 3 2 6 . 4 5 7 . 8 2 4 . 8 2 3 . 1
5 3 0 . 3 2 9 . 6 4 7 . 9 6 1 . 6 4 4 . 0 4 9 . 5 7 1 . 5 2 6 . 4 -
6 - 7 7 . 6 6 2 . 2 8 8 . 0 - - - 5 0 . 6 -
7 6 9 . 9 - 8 6 . 9 - - - - 7 8 . 7 -
8 - - - - - - - 7 1 . 0 -












A x ia l  S e c t i o n s
S p e c i m e n s UA2146 UA2147 UA2148 UA2149 UA2150 UA2151 UA2152 UA2153 UA2154
0 .03 . 03 _ . 03
1 . 03 .05 .04 . 03 . 04 . 03 .05 .04 .03
TW 2 . 04 . 07 - . 04 . 0 8 .04 . 0 8 .05 . 04
3 . 08 .12 . 08 .09 . 13 . 08 . 12 .11 . 08
4
5
— — — — “ . 29 . 16
1 . 88 .91 1 . 4 1 1 . 5 5 _ 1 . 1 1 1 . 5 4 1 . 4 1 1 . 3 3
2 1 . 2 7 1 . 4 6 1 . 3 9 1 . 9 5 2 . 0 7 1 . 6 4 1 . 8 9 2 . 2 0 1 . 8 8
FR 3 1 . 6 8 2 . 2 6 2 . 2 1 1 . 8 7 2 . 5 1 3 . 0 4 2 . 5 0 2 . 4 3 2 . 3 8
4 2 . 1 6 2 . 9 6 2 . 6 0 - 2 . 3 2 - 3 . 1 9 3 . 2 4 2 . 3 1
5 2 . 6 7 2 . 88 3 . 0 6 - 2 . 6 5 - 2 . 5 6 3 . 9 6 2 . 4 3
6 2 . 3 0 2 . 9 3 2 . 9 5 2 . 4 3 - 2 . 5 6 2 . 0 5 3 . 6 8 -
7 2 . 1 5 2 . 0 7 2 . 2 9 - - - - 2 . 8 9 -
8 - — — — — — 2 . 3 9 —
1
9 4 8 . 5 5 3 . 8 6 5 . 3 5 8 . 5 6 3 . 7 4 5 . 7 5 0 . 2 4 9 . 6 4 5 . 5L,
TC ^ 5 8 . 9 3 2 . 7 4 1 . 9 5 0 . 2 5 5 . 4 4 2 . 3 5 4 . 7 6 0 . 4 5 9 . 2l o  0
A 4 6 . 6 5 7 . 3 4 7 . 1 4 9 . 2 6 5 . 3 4 1 . 7 4 8 . 4 4 8 . 3 5 9 . 4*4
c 4 7 . 2 6 2 . 6 8 1 . 8 7 0 . 6 5 4 . 4 6 8 . 7 6 1 . 0 5 5 . 1 5 9 . 00
c 9 1 . 3 6 5 . 8 6 1 . 6 5 9 . 8 - 3 9 . 1 8 0 . 0 4 6 . 6 -D
7 6 1 . 6 7 6 . 4 5 9 . 4 - - - - 7 2 . 1 -/
8 - -
- - — — — 4 6 . 1 —
M a x . 7 8 . 7 1 0 5 . 6 8 6 . 9 8 1 . 4 1 1 2 . 2 1 1 0 . 0 8 9 . 7 1 0 0 . 7 1 1 1 . 1
Pr° *  IV *■M i n . 7 3 . 2 1 0 1 . 8 8 4 . 2 7 7 . 0 1 0 6 . 7 1 0 1 . 8 7 5 . 9 8 9 . 7 1 0 1 . 8













Axia l  S e c t i o n s
S p e c i m e n s UA2155 U A 21 5 6 UA2157 U A 2 1 5 8 UA2159 UA2160 UA2161 U A 2 16 2 UA2163
1 .10 .10 .13 . 08 .07 .11 . 0 8 .15 . 08
2 . 26 . 23 . 17 . 16 . 17 .24 . 1 9 . 48 . 18
H L  3 .52 .45 .31 .32 .42 .51 . 3 8 . 6 8 . 40
4 .81 .75 . 62 . 60 .85 1 . 1 0 . 65 1 .2 1 . 84
5 1.  31 1 . 00 1 . 0 6 1 . 0 1 1 . 4 2 1 . 4 5 - 1 . 7 9 1 . 4 9
6 1 . 9 2 1 . 7 1 1 . 9 6 1 . 7 3 2 . 4 1 2 . 0 3 - - 1 . 8 6
7 - 2 . 7 1 2.  77 2 . 4 4 - - - - -
8 - 3 . 4 9 - 3 . 1 1 - - - - -
1 . 0 8 . 08 .07 . 0 8 . 0 8 .11 . 06 .10 .08
2 . 12 . 13 .10 . 10 .12 .17 .10 .14 . 12
RV 3 .21 . 19 . 14 . 16 . 19 . 26 . 1 6 .22 . 17
4 .31 .30 .23 . 25 . 28 .39 . 26 .34 .27
5 .49 .47 .35 .41 . 42 .64 - . 57 . 44
6 . 79 .87 . 59 . 6 8 .71 1 . 0 6 - - .71
7 - 1 . 2 9 1 . 0 4 1 . 0 6 - - - - -
8 - 1 .74 - - - - - - -
1 9 . 4 1 2 . 1 1 3 . 8 9 . 4 1 1 . 0 1 3 . 8 1 1 . 6 - 1 1 . 0
2 1 2 . 1 1 4 . 9 1 2 . 1 1 1 . 0 1 7 . 1 1 9 . 8 1 4 . 9 2 3 . 7 2 5 . 9
PT 3 2 5 . 3 - 2 0 . 4 1 3 . 8 3 1 . 9 1 7 . 6 - 2 7 . 5 3 1 . 4
4 2 5 . 9 2 3 . 7 4 3 . 5 2 4 . 8 25 .  3 4 6 . 2 4 2 . 4 3 5 . 2 5 3 . 9
5 3 5 . 2 3 8 . 5 5 3 . 4 4 9 . 5 4 7 . 3 5 9 . 4 - 4 7 . 9 6 4 . 9
6 5 3 . 4 8 0 . 3 7 3 . 2 6 3 . 3 5 8 . 3 - - - -
7 - 75 .9 7 1 . 0 7 9 . 8 - - - - -
8 - 9 1 . 3 - - - - - - -












A x ia l  S e c t i o n s
S p e c i m e n s UA2155 UA2156 UA2157 UA2158 UA2159 UA2160 UA2161 UA2162 UA2163
0 .02 .02 . _ . 04 _ . 03
1 . 03 .02 . 03 - . 05 .04 . 06 .04 . 03
TW 2 .05 .03 .04 .05 . 0 8 .07 - . 07 .04
3 .12 . 08 .13 .11 . 19 .10 .11 .12 . 0 8
4
5
.22 — . 12 .41
_
. 28
1 1 . 2 7 1 . 1 5 1 . 7 5 1 . 0 3 .86 .98 1 . 4 3 1 . 5 3 . 98
2 2 . 0 9 1 .87 1 . 6 8 1 .50 1 . 4 1 1 . 4 1 1 . 9 7 3 . 3 6 1 . 4 7
FR 3 2 . 4 4 2 . 3 4 2 .  18 1 . 9 7 2.  18 1 . 9 7 2 . 3 5 3 . 0 0 2 . 3 3
4 2 . 5 8 2 . 5 1 2 . 6 6 2 . 3 8 2 . 9 9 2 . 8 3 2 . 4 6 3 . 5 9 3 . 0 7
5 2 . 6  7 2 . 1 1 3 . 0 2 2 . 4 9 3 . 3 9 2 . 2 6 - 3 . 1 6 3 . 3 7
6 2 . 4 3 1 . 9 7 3 . 3 0 2 . 5 6 3 . 4 2 1 . 9 2 - - 2 . 6 2
7 - 2 . 1 0 2 . 6 6 2 . 3 0 - - - - -
8 — 2 . 0 1 — — —
i
9 5 7 . 1 4 5 . 6 3 8 . 8 3 7 . 0 4 6 . 5 5 5 . 4 6 0 . 7 4 2 . 3 4 9 . 7£
TC ^ 7 5 . 6 5 2 . 6 4 1 . 9 5 4 . 8 5 7 . 7 5 1 . 7 6 9 . 1 5 6 . 9 4 3 . 5Xu o 
4 4 6 . 0 5 5 . 9 6 2 . 1 5 3 . 9 4 6 . 7 4 9 . 1 6 1 . 0 4 9 . 3 5 8 . 6*i
c 5 7 . 3 5 9 . 5 4 8 . 9 6 1 . 9 4 7 . 4 6 4 . 4 - 6 8 . 7 6 0 . 90
6 0 . 0 8 3 . 4 70 .  3 6 6 . 2 6 7 . 9 6 5 . 2 - - 6 0 . 4u
7 - 4 8 . 1 75 .1 5 7 . 1 - - - - -/
8 - 3 4 . 7 —
— — — —
p M a x . 1 0 1 . 8 9 3 . 0 7 7 . 6 9 9 . 6 1 0 6 . 2 9 9 . 0 8 2 . 5 9 9 . 6 1 3 7 . 5
x if •M i n . 8 8 . 6 8 9 . 7 7 5 . 9 9 5 . 7 8 3 . 6 7 7 . 6 6 1 . 6 8 3 . 6 1 1 6 . 1















Axi a l  S e c t i o n s
S p e c i m e n s UA2164 UA2165 UA2166 UA2167 UA2168 UA2169 UA2170 UA2171
1 . 14 .11
i
! . 07 . 07 . 10 . 12 . 0 8 . 10
2 - , 25 .25 . 16 . 22 .19 . 23 . 19
HL 3 . 59 .45 . 32 .31 . 52 . 45 .41 . 46
4 . 94 .65 . 63 . 4 6 . 7 8 .84 . 7 6 .75
5 1 . 4 7 1 .00 1 . 0 8 . 69 1 . 1 3 1 .33 . 105 1 . 0 6
6 2 . 0 9 - - 1 . 2 0 1 . 6 8 1 . 8 4 1 . 6 6 1 . 5 4
7 - - - 1 . 7 0 2 . 5 0 - 2 . 4 9 2 . 4 9
8 - - i - 2 . 2 9 3 . 5 1 - 3 . 6 4 -
1 . 08 . 08 .06 .05 .06 . 08 . 08 .06
2 .14 .11 . 10 . 09 .09 .12 . 12 .10
RV 3 .21 . 16 .15 . 13 . 14 . 19 . 20 .15
4 .35 .24 .25 . 19 .24 .27 .31 .25
5 .57 .37 . 39 . 28 .34 . 42 . 4 8 . 36
6 . 9 9 - - . 43 . 53 .75 . 75 . 57
7 - - - . 62 .92 - 1 . 2 3 . 99
8 - - - . 94 - - - -
1 1 8 . 2 8 . 3 1 1 . 0 1 1 . 6 8 . 8 1 1 . 0 1 3 . 8 1 1 . 6
2 1 6 . 5 9 . 9 1 1 . 0 1 5 . 4 1 1 . 6 1 2 . 1 2 0 . 4 1 2 . 1
PT 3 3 4 . 7 1 7 . i 1 5 . 4 - 1 2 . 7 2 0 . 4 - 1 8 . 7
4 5 3 . 4 2 3 . 7 2 9 . 7 2 6 . 4 2 2 . 0 2 2 . 0 2 9 . 2 3 3 . 6
5 6 1 . 1 - - 4 0 . 7 2 0 . 9 5 0 . 6 5 0 . 1 3 7 . 4
6 - - - 5 4 . 5 3 7 . 4 9 7 . 4 7 5 . 9 6 2 . 7
7 - - - 4 6 . 8 - - 9 1 . 3 -
8 - - - 6 9 . 3 - - - -












A xia l  S e c t i o n s
S p e c i m e n s UA2164 UA2165 UA2166 UA2167 UA2168 UA2169 UA2170 UA2171
0 .03 .02 .02 .02 .03 . 02
1 . 04 .04 . 0 3 . 03 .02 .04 . 03 . 04
TW 2 . 07 . 06 . 08 . 06 . 06 .07 .05 . 06
. 3 . 12 . 09 .14 .11 .07 .12 .11 . 10
4 . 2 6 . 26 - . 1 6 - - - . 1 9
5 - - - . 31 - — — -
1 1 . 7 8 1 . 38 1 . 2 4 1 . 2 1 1 . 7 5 1 . 5 5 1 . 0 8 1 . 6 9
2 - 2 . 1 7 2 . 5 7 1 . 8 0 2 . 4 9 1 . 6 3 1 . 8 7 1 . 9 4
FR 3 2 . 7 8 2 . 7 6 2 . 1 1 2 . 4 6 3 . 5 9 2 . 3 6 2 . 1 0 2 . 9 9
4 2 . 7 1 2 . 6 9 2 . 5 3 2 . 3 6 3 . 2 9 3 . 1 0 2 . 4 7 3 . 0 3
5 2 . 5 9 2 . 7 3 2.  79 2 . 4 9 3 . 3 8 3 . 1 7 2 . 1 6 2 . 9 6
6 2 . 1 1 - - 2 . 8 0 3 . 1 7 2 . 4 6 2 . 2 2 2 . 6 8
7 - - - 2.  74 2.  72 - 2 . 0 2 2 . 5 0
8 — — — 2 . 4 2\ — “ *“
1
o 7 1 . 5 4 4 . 0 6 1 . 3 6 0 . 1 4 7 . 4 4 8 . 6 5 4 . 7 6 5 . 6C
T Q  ^ 5 5 . 4 4 4 . 7 5 7 . 0 4 4 . 6 6 4 . 3 6 1 . 6 5 9 . 9 5 8 . 0l o  o 
A 6 4 . 6 4 7 . 1 6 2 . 2 5 3 . 3 6 2 . 4 4 3 . 8 5 6 . 9 6 2 . 4
c 6 2 . 7 5 1 . 9 5 4 . 7 4 3 . 9 4 2 . 2 5 4 . 3 5 7 . 0 4 3 . 8j
c 7 4 . 7 - - 5 3 . 4 5 7 . 7 7 8 . 7 5 3 . 7 6 0 . 9D
7 - - - 4 4 . 8 7 3 . 5 - 6 5 . 1 7 3 . 5/
8 -
- — 5 1 . 7 “ — — —
M a x 1 1 6 . 1 1 0 8 . 9 6 6 . 0 75 .9 7 3 . 2 1 0 8 . 4 7 1 . 5 7 5 . 9
Pr° ‘ M i n . 1 0 5 . 6 1 0 0 . 1 6 2 . 7 5 8 . 3 7 0 . 4 9 7 . 9 5 5 . 6 6 8 . 2














Sagi t ta l  S e c t i o n s
S p e c i m e n s UA2172 UA2173 UA2174 UA2175 UA2176 UA2177
1 .071 . 07 6 . 084 . 04 6 . 095 . 086
2 . 10 9 . 112 . 133 . 0 6 8 . 132 . 13 9
RV 3 . 156 . 27 3 .204 . 0 8 3 . 2 1 8 .252
4 . 25 2 . 40 8 . 31 6 . 1 3 3 . 33 6 . 377
5 . 4 1 8 . 6 3 8 . 574 . 194 . 56 2 .504
6 .677 - . 94 2 . 29 2 . 91 7 1 . 0 7 0
7 - - - . 43 7 - 1 . 5 9 8
8 - - - . 6 7 0 - i
1 8 . 3 — 8 . 3 1 2 . 1 1 1 . 6 1 3 . 8
2 - 1 2 . 1 9 . 4 2 2 . 0 1 2 . 7 -
PT 3 1 5 . 4 17 .6 1 2 . 7 2 2 . 0 2 2 . 6 4 7 . 3
4 3 0 . 8 1 7 . 6 2 4 . 8 1 9 . 3 3 0 . 8 6 6 . 6
5 3 5 . 2 2 8 . 1 4 0 . 0 4 6 . 8 4 6 . 8 8 9 . 1
6 - 4 7 . 9 5 0 . 0 - - 1 1 2 . 8
7 - - - 4 8 . 4 - —
1 7 9 9 12 12 1
2 12 13 15 - 15 14 |
SC 3 16 17 18 - 18 15
4 18 - 21 22 ’ 20 20
5 21 20 22 27 - 24
6 23 27 30 29 31 32
7 - - - 36 - 41
p M a x . 6 6 . 0 8 1 . 4 8 3 . 6 1 1 3 . 9 1 0 7 . 8 -
M i n . 5 5 . 0 6 8 . 8 8 1 . 4 1 0 4 . 0 - -














Ax i a l  S e c t i o n s
S p e c i m e n s UA2128 UA2129 UA2130 UA2131 UA2132 UA2133
1 .15 .13 . 0 8 . 1 8 . 20 .22
2 - . 30 . 24 . 38 .41 .52
HL 3 .74 .50 . 36 .91 . 96 . 81  \
4 1 . 0 6 . 93 - 1 . 4 4 1 . 6 8 1 . 2 8
5 1 . 9 7 1 . 4 4 1 . 5 9 2 . 6 7 2 . 6 9 2 . 0 3
6 3 . 1 2 2 . 4 1 2 . 2 8 - 3 . 5 2 -
7 4 . 2 2 3 . 6 4 3 . 7 9 - 5 . 6 3 -
8 - 4 . 5 9 - - - -
1 .10 .12 . 09 .10 . 13 .12
2 .14 . 1 8 . 14 . 16 . 1 8 . 1 8
RV 3 .21 . 30 .21 .26 . 26 . 27
4 .33 .45 .30 .42 . 42 .44
5 .45 .74 . 46 . 62 . 63 . 69
6 . 77 1 . 1 1 . 74 - . 96 -
7 - - 1 . 3 3 - 1 . 3 6 -
1 1 7 . 1 1 2 . 1 1 3 . 8 1 1 . 0 1 3 . 8 1 9 . 3
2 1 9 . 3 1 3 . 2 2 9 . 2 1 3 . 2 1 8 . 7 2 0 . 9
PT 3 2 6 . 4 3 4 . 7 3 1 . 4 1 6 . 5 4 2 . 9 3 4 . 1
4 3 0 . 8 5 7 . 8 - 3 3 . 6 5 5 . 0 -
5 3 9 . 1 6 7 . 7 8 8 . 0 5 3 . 9 6 4 . 4 -
6 8 3 . 1 9 7 . 9 - 6 6 . 6 8 3 . 6 -
7 - 1 0 9 . 5 - 9 7 . 4 - -













Axi a l  S e c t i o n s
S p e c i m e n s UA2128 UA2129 UA2130 UA2131 UA2132 UA2133
0 . 04 . . 02 . 04 .04 _
1 .05 .05 .03 . 07 . 08 -
TW­ 2 . 0 8 .06 . 0 8 . 11 . 10 -
3 . 10 . 08 . 0 9 . 14 . 1 9 -
4 . 2 2 - . 20 . 3 9 - -
5 . 32 - - - — -
1 1 . 5 3 1 . 1 0 .95 1 . 8 2 1 . 6 0 1 . 8 3
2 - 1 . 7 1 1 . 6 6 2 . 2 9 2 . 3 2 2 . 8 7
ER 3 3 . 4 9 1 . 6 5 1 . 7 2 3 . 5 3 3 . 6 7 2 . 9 9
4 3 . 4 2 2 . 0 7 - 3 . 4 0 4 . 0 0 2 . 9 2
5 4 . 3 2 1 . 9 4 3 . 4 5 4 . 3 3 4 . 2 7 2 . 9 3
6 4 . 0 6 2 . 1 6 3 . 0 9 - 3 . 6 6 -
7 — — 2 . 8 6 — 4 . 1 5 —
1
2 3 9 . 6 5 2 . 4 6 4 . 6 6 3 . 4 4 1 . 3 4 9 . 4
TS 3 5 1 . 1 7 0 . 3 4 8 . 0 5 6 . 6 4 8 . 9 4 8 . 2  4
4 5 3 . 8 4 8 . 3 4 1 . 3 6 3 . 7 5 9 . 9 6 1 . 1Tt
5 3 8 . 8 6 5 . 1 5 4 . 8 4 5 . 8 4 9 . 9 5 8 . 7
ft 6 8 . 8 4 9 . 6 5 9 . 9 - 5 2 . 6 -U
7 7 9 . 6 4 1 . 2
Pro, M a x .M i n .
1 6 1 . 7
1 5 0 . 7
1 1 6 . 1
110 .6
1 8 9 . 8  
155 .1
1 7 5 . 5
1 5 2 . 9














S ag it ta l  S e c t i o n
S p e c i m e n UA2134
1 . 163
2 . 24 9
RV 3 . 3 6 0
4 . 616
5 . 98 9
1 1 4 . 9
2 2 4 . 8
PT 3 3 6 . 9
4 5 5 . 0






Pro .  M a x * 1 7 8 . 2
M i n . 1 5 2 . 4













A xia l  S e c t i o n s




1 . 10 .07 . 07
2 . 24 . 16 .21
3 . 3 6 .31 . 36
4 . 57 . 56 . 66
5 1 . 0 4 .97 1 . 0 7
6 1 . 5 1 1 .49 2 . 0 4
7 2 . 7 8 - -
8 3 . 6 9 - -
1 .07 .07 . 06
2 .10 .  10 .10
3 . 14 .15 .15
4 . 20 .22 . 22
5 .32 . 36 .34
6 . 4 8 .63 .62
7 . 6 9 - -
8 1 . 0 9 - —
1 9 . 9 8 . 3 8 . 8
2 1 3 . 2 1 3 . 8 9 . 4
3 2 1 . 5 1 4 . 9 1 4 . 3
4 2 4 . 2 3 0 . 3 2 6 . 4
5 4 9 . 0 4 2 . 9 3 7 . 4
6 3 8 . 0 4 8 . 4 5 9 . 4
7 5 1 . 7 - -
8 7 1 . 5 - -












A xia l  S e c t i o n s
S p e c i m e n s UA2195 UA2196 UA2197
0 . _
1 .04 .04 . 03
TW 2 . 0 8 .05 .04
3 . 13 .10 . 09
4 .30 - . 12
5 . 40 - -
1 1 . 4 8 .90 1 . 1 3
2 2 . 3 8 1 . 6 0 2 . 1 1
FR 3 2 . 5 2 2 . 1 0 2 . 4 4
4 2 . 8 1 2 . 5 0 3 . 0 0
5 3 . 2 0 2 . 6 9 3 . 1 5
6 3 . 1 8 2 . 3 6 3 . 2 9
7 4 . 0 4 - -
8 3 . 3 9 — —
1
O 4 3 . 8 4 0 . 0 6 8 . 6Z
m o  o 4 5 . 7 4 5 . 9 4 8 . 8TS o 4 1 . 2 4 8 . 6 5 1 . 0
4
c 5 9 . 2 6 1 . 5 5 3 . 15
r 4 6 . 5 7 5 . 4 8 3 . 3
D
*7 4 4 . 4 - -/
8
5 8 . 0 — —
Pro M a x * 1 0 1 . 2 7 3 . 7 8 3 . 1ik jr •M i n . 8 1 . 4 7 3 . 2 7 0 . 4













A x ia l  S e c t i o n s




1 . 14 .15 . 09
2 . 37 . 28 . 22
3 . 57 . 58 . 40
4 . 95 . 89 .61
5 1 . 4 5 1 . 3 4 . 95
6 1 . 8 5 2 . 4 0 1 . 8 2
7 - 3 . 3 4 2 . 4 8
1 . 10 . 0 8 . 08
2 . 14 .13 .13
3 .21 . 22  ' . 19
4 .32 .34 . 3 0
5 . 43 . 49 .42
6 .53 . 70 . 56
7 - 1 . 0 1 .83
1 1 5 . 4 1 4 . 3 1 2 . 7
2 1 7 . 6 1 4 . 9 1 4 . 3
3 2 0 . 9 2 6 . 4 2 3 . 1
4 1 9 . 3 3 4 . 7 2 4 . 8
5 2 3 . 1 3 4 . 7 3 5 . 8
6 3 0 . 3 4 4 . 0 4 0 . 7
7 - 7 1 . 0 7 4 . 8















A xia l  S e c t i o n s
S p e c i m e n s UA2198 UA2199 UA2200
0 . 04 _ . 03
1 .05 . 06 . 04
TW 2 .10 . 06 .11
3 .14 - .21
4 - - -
5 - . 36 -
1 1 . 3 8 1 . 7 6 1 . 1 4
2 2 . 6 0 2 .24 1 . 7 9
FR 3 2 . 6 3 2 . 6 2 2 . 0 3
4 2 . 9 9 2 . 6 2 2 . 0 3
5 3 . 3 6 2.  75 2 . ? 3
6 3 . 4 6 3 . 4 1 3 . 2 4
7 — 3 . 3 0 2 . 9 7
1 4 3 . 5 4 8 . 7 6 0 . 5
L





3 6 . 1 4 3 . 9 4 2 . 2
2 3 . 4 4 4 . 0
4 3 . 7
3 1 . 8
4 8 . 4
n M a x .  
P r o « M m .
1 4 7 . 4 1 1 6 . 6 1 1 6 . 6
1 1 5 . 0 1 0 7 . 3 1 0 4 . 5













A xia l  S e c t i o n s
S p e c i m e n s UA2205 U A 2 2 0 6 UA2207 U A2.208 UA2209 UA2210 UA2211
1 .17 .24 .26 .30 .31 .22 _
2 .34 . 4 8 . 50 - . 57 .43 . 75
HL 3 .60 . 84 . 8 8 .71 .97 .72 1 . 1 9
4 . 89 1 . 5 7 1 . 3 5 - 1 . 7 1 1.  13 1 . 7 3
5 1 . 4 1 2 . 7 7 2 . 2 7 2 . 3 9 3 . 5 7 1 . 48 3 . 4 5
6 2 . 1 4 3 . 5 9 3 . 4 4 4 . 0 1 4 . 5 4 2 . 5 1 5 . 4 0
7 3 . 3 8 4 . 9 8 5 . 20 5 . 2 4 - 3 . 3 0 -
8 5 . 1 5 - - - — —
1 . 12 .14 . 15 .15 . 12 .15
\
. 17
2 . 16 .23 . 23 .25 . 19 .20 . 24
RV 3 . 23 .32 . 33 . 33 . 29 . 28 . 37
4 . 34 . 47 . 48 .45 .41 . 3 8 . 5 6
5 .51 . 69 . 73 . 69 . 6 6 .57 . 78
6 .74 1 .05 1 . 0 9 1 . 0 4 1.  14 . 78 1 . 2 3
7 1 . 1 3 - - - - - -
8 1 . 6 3 - - — — — “
1 1 2 . 7 22 .0 2 6 . 4 1 2 . 7 1 8 . 2 - 1 4 . 9
2 1 7 . 1 2 9 . 2 2 8 . 6 3 4 . 7 1 8 . 2 1 9 . 3 1 9 . 3
PT 3 2 0 . 9 31 .4 3 7 . 4 34 .  7 2 4 . 2 2 7 . 5 2 0 . 9
4 - 35 .2 4 2 . 4 4 1 . 3 5 3 . 9 3 0 . 3 3 1 . 9
;5 4 5 . 7 4 1 . 8 6 7 . 1 6 3 . 8 7 3 . 2 4 5 . 1 3 9 . 6
6 5 3 . 9 8 9 . 7 6 4 . 9 7 7 . 6 106 .  8 4 6 . 8 -
7 8 7 . 5 - - - - - -














A x ia l  S e c t i o n s
S p e c i m e n s UA2205 UA2206 UA2207 UA2208 UA2209 UA2210 UA2211
0 . _ _ _ _ . 03
1 - . 07 . 08 . 06 - - . 08
TW 2 - . 10 . 0 8 . 06 - - . 19
3 .03 .14 - . 10 - - -
4 - - - . 30 - - -
1 1 . 4 0 1 . 6 4 1 . 7 8 1 . 9 4 2 . 6 2 1 . 4 9 -
2 2 . 1 1 2 . 1 1 2 . 1 5 - 2 . 9 2 2 . 1 5 3 . 0 6
FR 3 2 . 6 3 2 . 6 2 2 . 6 7 2 . 1 3 3 . 3 8 2 . 6 0 3 . 2 3
4 2 . 6 4 3 . 3 6 2 . 8 0 - 4 . 1 9 2 . 9 5 3 . 1 0
5 2.  79 4 . 0 2 3 . 1 3 3 . 4 6 5 . 4 2 2 . 5 9 4 . 4 3
6 2 . 8 8 3 . 4 2 3 . 1 4 3 . 8 5 3 . 9 7 3 . 2 3 4 . 4 0
7 3 . 0 0 - - - - - -
8 3 . 1 6 — — — — —
1
9 3 2 . 8 5 7 . 2 5 7 . 4 6 1 . 6 6 5 . 6 3 5 . 8 4 7 . 2Cd
T Q  ^ 4 3 . 7 4 0 . 7 4 1 . 8 3 4 . 2 4 6 . 5 3 8 . 8 5 1 . 0l o  o 
A 4 8 . 0 45 .9 4 6 . 3 3 4 . 5 4 3 . 2 3 7 . 3 5 1 . 4T
C 5 0 . 6 4 7 . 8 5 1 . 1 5 3 . 5 6 0 . 8 4 8 . 9 3 9 . 2o
6 4 7 . 0 5 2 . 2 5 0 . 5 5 0 . 5 7 3 . 2 3 6 . 2 5 7 . 8
7 5 1 . 6 - - - - - -/
8 4 4 . 4 — — '
— — “
P r n  M a X - 1 8 7 . 0 2 2 1 . 7 2 2 7 . 7 1 7 2 . 2 1 6 0 . 6 1 8 0 . 4 2 2 6 . 6* ik jr •M m . 1 5 4 . 0 2 0 2 . 4 - 1 3 8 . 6 - - 2 1 5 . 6












Sagit ta l  S e c t i o n





1 . 1 1 6
2 . 16 0
3 . 2 5 3
4 . 38 5
5 . 5 5 6
6 . 78 9
7 1 . 1 2 5
1 1 5 . 4
2 1 3 . 8
3 2 2 . 0
4 2 6 . 4
5 4 4 . 0
6 5 0 . 1








M a x . 1 4 6 . 9
M i n . 122 .  7












A xia l  S e c t i o n s
S p e c i m e n s UA2218 UA2219 UA2220 UA2221 UA2222 UA2223 UA2224 UA2225
1 .25 . 13 .21 .19 .22 .25 . 17 .14
2 .61 . 36 • . 3 7 . 4 7 . 4 6 .45 . 41 .42
HL 3 1 . 1 0 .80 . 69 . 98 .90 . 78 . 7 8 .81
4 1 . 7 2 1 . 2 8 1 . 3 7 1 . 2 4 1 . 4 7 1 . 3 4 1 . 4 3 1 . 5 4
5 3 . 0 8 2 . 0 3 2 . 3 5 1 . 8 9 2 . 5 1 2 . 4 6 2 . 5 5 2 . 7 6
6 4 . 9 8 2 . 9 7 4 . 3 3 2 . 6 7 - - 4 . 1 7 3 . 9 0
7 5 . 5 0 4 . 8 9 - 4 . 3 5 - - — 5 . 0 7
1 .15 .12 .11 . 12 . 12 .13 . 10 . 08
2 .22 .19 . 18 . 18 . 20 .21 . 1 7 . 13
RV 3 .31 .27 . 28 . 26 .32 . 33 . 2 9 . 23
4 . 45 . 38 . 47 . 40 .50 .52 . 42 .35
5 .65 .54 . 74 .57 .75 .75 . 6 8 .62
6 . 94 .80 1 . 0 6 .83 . - - 1 . 0 9 . 8 9
7 1 .3 1 1 . 1 1 - - - - -
1 1 4 . 9 1 1 . 0 1 5 . 4 1 3 . 8 1 4 . 9 , 1 9 . 8 1 6 . 5 1 2 . 1
2 1 8 . 2 1 7 . 1 2 0 . 9 1 9 . 8 2 7 . 0 ^20.9 2 4 . 8 1 7 . 1
PT 3 4 6 . 2 2 6 . 4 3 8 . 5 3 1 . 9 4 3 . 5 4 1 . 3 4 2 . 4 3 5 . 2
4 5 4 . 5 3 4 . 7 4 6 . 2 4 1 . 3 4 2 . 4 4 8 . 4 3 6 . 9 5 3 . 4
5 4 1 . 3 3 8 . 5 6 2 . 2 6 0 . 5 67 .  7 6 1 . 6 5 2 . 3 6 6 . 0
6 6 7 . 7 7 2 . 6 6 8 . 8 6 6 . 6 - - 6 3 . 3 1 0 2 . 2














A xia l  S e c t i o n s
S p e c i m e n s UA2218 UA2219 UA2220 UA2221 UA2222 UA2223 UA2224 UA2225
0 . 0 3 . 04 . 04 .03 . 03 . 04 . 04 . 03
1 .07 .05 .05 .05 . 06 . 06 .07 .04
TW 2 . 10 .10 .11 .11 . 19 . 12 . 12 . 10
3 . 23 - . 37 . 14 .21 - - -
4 .38 - - - . 29 - . 35 -
5 .66 - - - . 56 - - -
1 1 . 6 1 1 . 0 8 1 . 8 8 1 . 6 0 1 . 8 8 1 . 8 3 1 . 7 0 1 . 6 1
2 2 . 8 2 1 . 9 4 2 . 0 4 2 . 5 9 2 . 2 3 2 . 1 1 2 . 4 0 3 . 0 9
FR 3 3 . 5 7 2 . 9 7 2 . 4 3 3 . 7 2 2 . 7 9 2 . 38 2 . 6 6 3 . 5 8
4 3 . 8 4 3 . 4 0 2 . 8 9 3 . 0 6 2 . 9 2 2 . 5 6 3 . 3 5 4 . 4 1
5 4 . 7 4 3 . 7 4 3 . 1 7 3 . 3 1 3.  36 3 . 2 9 3 . 7 4 4 . 4 8
6 5 . 2 8 3 . 7 2 4 . 0 3 3 .22 - - 3 . 8 4 4 . 3 5
7 4 . 2 1 4 . 3 9 — — — — — —
1
9 4 1 . 7 5 3 . 5 6 3 . 9 4 9 . 1 7 1 . 9 5 8 . 1 6 4 . 9 5 7 . 0
TS 3 4 1 . 3 4 3 . 9 5 6 . 3 4 5 . 2 5 8 . 8 5 3 . 8 7 2 . 9 6 8 . 0j .  u  o
4 4 6 . 3 4 0 . 1 6 8 . 5 5 4 . 1 5 4 . 6 5 9 . 4 4 5 . 2 5 4 . 6
5 4 4 . 5 4 4 . 0 5 6 . 4 4 1 . 0 4 8 . 8 4 3 . 1 6 0 . 2 7 6 . 0
> 4 5 . 2 4 7 . 5 4 2 . 8 4 5 . 0 - - 5 9 . 2 4 5 .  3V
7 3 8 . 5 3 9 . 4 — — — — — -
Pro M a x - 1 7 3 . 3 1 9 4 . 2 1 6 2 . 8 1 6 2 . 8 1 8 1 . 5 1 5 3 . 5 1 5 1 . 8 1 4 3 . 61 1 U•
M i n . 1 6 2 . 8 1 6 1 . 2 1 6 2 . 8 160 .  6 1 5 2 . 9 1 3 6 . 4 1 2 7 . 6 1 1 4 . 4













Sagit ta l  S e c t i o n s





1 .177 . 201
2 . 26 0 . 32 2
3 . 3 9 8 . 5 1 0
4 - . 71 4
5 - 1 . 0 6 5
1 2 5 . 3 2 0 . 9
2 2 3 . 1 2 9 .  7
3 3 6 . 3 4 4 . 6
4 - 4 5 . 1






M a x . 1 9 8 . 0 2 2 8 . 3
M i n . 1 8 3 . 7 2 1 5 . 6














Axia l  S e c t i o n s
S p e c i m e n s UA2230 UA2231 UA2232 UA2233 UA2234 UA2235 UA2236 UA2237 UA2238
1 .21 . 20 .23 .21 . 22 .20 .21 .11 .22
2 . 39 .50 . 46 . 52 . 40 .40 .44 . 36 . 54
HL 3 . 60 . 89 . 68 1 . 0 6 .85 . 68 . 92 . 69 . 90
4 - - . 92 1 . 7 2 1 . 3 6 1 . 4 0 1 . 6 0 1 . 4 1 1.  30
5 2 . 1 3 2 . 2 6 1 . 6 2 3 . 4 6 3 . 1 8 2 . 0 0 3 . 0 2 1 . 9 7 3 . 0 9
6 3 . 2  7 3 . 9 4 2 . 8 8 5 . 3 7 4 .  73 3 . 0 6 4 . 1 3 4 . 2 8 4 . 3 2
7 4 . 6 0 5 . 0 0 4 . 4 3 - 5 . 6 7 4 . 6 9 - - 5 . 3 7
8 - - - - - 6 . 5 9 - - -
1 . 11 .11 .11 . 15 . 10 . 12 .11 . 10 .11
2 . 17 .18 . 16 . 18 . 17 . 18 . 17 . 17 . 19
RV 3 . 2 6 .31 . 27 . 2 9 . 26 . 26 . 28 . 26 .32
4 . 3 8 .45 . 46 .46 . 38 . 38 . 42 . 40 .51
5 . 67 .72 4 . 78 .64 . 56 . 64 . 63 .82
6 1 . 0 1 1 .06 . i)3 1 . 3 0 . 93 . 83 1 . 0 5 . 99 1 . 2 4
7 1 . 4 4 1 . 4 3 1 . 4 2 - 1 . 3 9 1 .25 - - 1 . 7 8
8 - - 1 . 6 7 - - 1 . 6 7 — - -
1 1 7 . 6 1 8 . 7 1 6 . 5 1 6 . 5 1 3 . 8 1 2 . 7 1 4 . 3 1 6 . 0 1 8 . 2
2 1 7 . 6 1 6 . 5 2 4 . 8 2 2 . 0 2 3 . 7 3 1 . 4 1 8 . 2 1 7 . 1 2 2 . 0
PT 3 2 3 . 1 28 .  1 - 2 8 . 1 2 5 . 9 3 8 . 5 3 3 . 6 2 4 . 8 4 3 . 5
4 3 4 . 1 3 4 . 1 4 0 . 2 4 1 . 8 3 6 . 9 4 4 . 0 4 7 . 3 4 2 . 4 5 3 . 9
5 5 8 . 3 5 2 . 8 5 2 . 3 6 1 . 6 6 1 . 6 4 7 . 9 5 1 . 7 4 4 . 6 1 0 3 . 5
6 7 1 . 5 1 1 3 . 4 6 9 .  3 7 8 . 1 5 9 . 4 6 0 . 0 9 5 . 2 9 0 . 8 1 3 5 . 9
7 - 1 1 2 . 3 9 7 . 9 - - 8 6 .  9 9 4 .  . - -
8 - - 1 0 9 . 0 - - 127 .  1 - - -












A x ia l  S e c t i o n s
S p e c i m e n s UA2230 UA2231 UA2232 UA2233 UA2234 UA2235 UA2236 UA2237 UA2238
0 . 03 . 04 .06 . 03 .04 . 03 . 04 . 04
1 . 06 .07 . 06 .07 .07 .08 . 14 . 04 . 07
TW 2 .14 .11 . 0 8 .13 .09 .09 . 08 .06 -
3 .11 - .14 - . 14 . 13 . 24 - -
4 - - .22. - - - . 4 8 - -
5 - - . 3 6 - - - - - -
6 - - . 79 - . 73 - — — —
1 1 . 9 3 1 . 7 8 2 . 1 3 1 . 4 3 2 . 2 1 1 . 6 8 1 .80 1 . 1 3 2 . 0 0
2 2 . 3 0 2 . 7 6 2 . 7 6 2 . 8 7 2 . 3 9 2 . 2 9 2 . 5 3 2 . 1 3 2 . 8 9
FR 3 2 . 2 6 2 . 9 0 2 . 4 8 3 . 7 2 3 . 3 1 2 . 6 6 3 . 3 2 2 . 6 3 2 . 7 9
4 - - 2 . 0 0 3 . 7 3 3 . 5 8 3 . 6 2 3 . 7 7 3 . 5 3 2 . 5 4
5 3 . 1 8 3.  15 2 . 5 5 4 . 4 2 4 . 9 5 3 . 5 6 4 . 7 2 3 . 1 5 3 . 7 8
6 3 . 2 3 3.  71 3 . 0 9 4 .  12 5 . 0 7 3 . 6 7 3 . 9 2 4 . 3 3 3 . 4 8
7 3 . 1 9 3 . 5 1 3 . 1 1 - 4 . 0 9 3 . 7 3 - - 3 . 0 1
8 - - - - — 3 . 9 5 — —
1
9 5 3 . 0 6 5 . 0 5 2 . 6 2 2 . 7 6 4 . 3 4 5 . 4 5 1 . 7 6 9 . 0 6 7 . 7L
TC ^ 5 5 . 6 6 9 . 1 6 6 . 8 5 6 . 4 5 4 . 7 45 .3 5 8 . 0 5 5 . 7 7 1 . 7l o  o
A 4 3 . 8 4 6 . 9 6 7 . 2 6 1 . 6 4 8 . 5 5 0 . 2 5 3 . 5 5 2 . 8 5 8 . 9H
C 7 6 . 9 5 8 . 0 3 8 . 3 6 9 . 3 6 8 . 8 4 6 . 1 5 1 . 0 5 7 . 3 5 9 . 9D
c 5 0 . 6 4 7 . 9 4 6 . 5 6 6 . 3 4 4 . 9 4 7 . 8 6 4 . 5 5 7 . 7 5 1 . 70
7 4 2 . 8 3 4 . 4 5 2 . 6 - 4 8 . 5 5 0 . 6
— — 4 3 . 6
p Q M a x . 1 5 7 . 3 1 6 3 . 9 1 6 3 . 4 2 2 7 . 2 1 4 9 . 1 2 0 9 . 6 160 .  6 1 4 5 . 8 1 7 3 . 8r i u«
M i n . 1 3 5 . 3 1 3 3 . 7 1 3 0 . 9 1 7 7 . 7 1 3 4 . 2 1 7 6 . 0 1 4 9 . 6 1 2 8 . 2 1 4 4 . 1











Sag i t ta l  S e c t i o n s




P r o .
1 . 13 5 . 16 0 . 13 2
2 . 2 0 7 . 2 1 8 . 215
3 . 2 9 5 .312 . 34 7
4 . 4 2 2 . 484 . 52 2
5 . 6 3 6 .725 . 811
6 . 9 2 9 1 .03 0 1 . 2 6 2
7 - 1 . 4 7 4 -
1 1 4 . 3 1 2 . 7 1 2 . 1
2 1 6 . 5 1 6 . 0 1 4 . 9
3 3 1 . 4 2 8 . 1 -
4 2 4 . 8 4 7 . 9 3 3 . 0
5 4 8 . 4 5 6 . 1 4 9 . 5
6 6 1 . 1 8 8 . 6 6 4 . 9
7 - 9 9 . 0 -
1 11 11 -
2 20 18 19
3 26 23 22
4 24 21 25
5 27 27 24
6 31 29 32
M a x . 1 4 5 . 8 1 7 8 . 8 -
M i n . 1 3 2 . 6 1 7 0 . 5 -













A x ia l  S e c t i o n s
lens UA2244 UA2245 UA2246 UA2247 UA2248 UA2249 UA2250 UA2251 UA2252
1 .31 .22 . 36 .43 .22 . 16 . 40 . 30 . 17
2 . 68 .75 . 7 3 . 8 8 . 4 8 . 3 9 . 8 2 . 6 9 . 40
3 1 . 1 7 1 . 3 4 1 . 4 7 1 . 3 2 . 86 .83 1 . 3 4 .94 . 86
4 2 . 0 3 2 . 2 0 2 . 0 4 2 . 1 3 1 . 5 1 1 . 2 8 1 . 9 5 1 . 4 8 1 . 5 6
5 2 . 8 1 3 . 2 8 2 . 8 9 2 . 70 2 . 1 9 1 . 8 5 2 . 5 8 1 . 8 9 2 . 5 0
6 - 4 . 6 4 3 . 6 9 3 . 6 9 3 . 2 9 2 . 5 7 3 . 6 3 2 . 6 7 3 . 4 8
7 5 . 6 8 6 . 3 8 - - 4 . 4 5 3 . 6 3 - 3 . 7 0 4 . 6 2
8 6 . 8 1 - - - - - - - -
1 .21 . 15 . 19 . 23 . 1 8 . 13 . 23 . 15 .21
2 .33 .23 . 32 .35 . 2 7 . 19 .33 .22 . 28
3 . 3 9 . 34 . 4 8 . 47 . 36 . 28 .46 .32 .41
4 . 53 .51 .59 .65 .50 .40 . 59 . 36 .55
5 .71 .62 - . 91 . 69 . 56 - .61 . 75
6 .95 . 97 1 . 0 0 1 . 1 4 . 8 8 .75 1 . 0 0 .79 -
7 1 . 3 2 - - - 1 . 1 8 1 . 0 5 - 1 . 0 5 1 . 3 9
8 1 . 4 9 - - - - - - 1 . 4 0 -
1 1 2 . 7 2 0 . 4 1 6 . 5 3 4 . 1 1 6 . 5 1 5 . 4 2 4 . 2 1 4 . 3 1 8 . 2
2 2 4 . 2 2 7 . 5 35 .  2 3 8 . 0 3 9 . 1 2 0 . 9 4 7 . 3 3 1 . 9 2 1 . 5
3 3 5 . 2 - 6 0 . 5 3 4 . 1 4 7 . 3 3 5 . 8 4 7 . 9 3 9 . 1 5 1 . 7
4 4 2 . 9 5 6 . 1 6 0 . 0 4 4 . 0 5 5 . 0 4 4 . 0 3 5 . 8 3 9 . 6 5 1 . 7
5 5 8 . 3 7 0 . 4 6 2 . 2 6 2 . 2 6 7 .  1 4 8 . 4 - 4 6 . 8 5 7 . 8
6 6 4 . 9 8 4 . 7 - 7 3 .  7 9 0 . 8 7 3 . 2 6 1 . 6 5 3 . 9 6 9 . 3
7 1 0 0 . 7 - - - 9 9 . 0 8 5 . 8 - 5 4 . 5 8 4 . 7
















A xia l  S e c t i o n s
S p e c i m e n s UA2244 UA2245 UA2246 UA2247 UA2248 UA2249 UA2250 UA2251 UA2252
0 . 07 . 08 . 10 .15 . 07 . 06 _ . 09 .05
1 . 14 . 14 . 20 .33 .16 . 14 - . 14 . 14
TW 2 .22 . 2 6 - . 57 . 36 - . 51 .32 .52
3 . 86 . 48 1 . 1 0 1 . 2 8 .97 .77 .94 - . 70
4 1 . 2 7 - 1 . 0 6 - 1 . 0 2 - - - -
5 1 . 4 8 1 . 5 1 - - 2 . 0 0 - - - -
6 1 . 6 9 - - - 2.  19 - - 1 . 7 5 -
1 1 . 4 8 1 . 4 2 1 . 8 4 1 . 8 3 1 . 2 2 1 . 2 5 1 . 6 9 1 . 9 5 .81
2 2 . 0 4 3 .23 2 . 2 7 2 . 5 1 1 . 8 0 2 . 0 3 2 . 4 6 3 . 1 2 1 . 4 2
FR 3 3 . 0 0 3 . 9 0 3 . 0 6 2 . 8 3 2 . 4 0 2 . 9 5 2 . 8 8 2 . 9 3 2 . 1 1
4 3 . 8 2 4 .34 3 . 4 5 3 . 2 4 3 . 0 1 3 . 2 1 3 . 2 8 4 . 1 5 2 . 8 0
5 3 . 9 6 5 . 2 7 - 2 . 9 6 3 . 1 8 3 . 2 8 - 3 . 0 8 3 . 3 1
6 - 4 . 7 8 3 . 6 9 3 . 2 4 3 . 7 2 3 . 4 4 3 . 6 2 3 . 3 8 -
7 4 . 3 0 - - - 3 . 7 6 3 . 4 6 - 3 . 5 1 3 . 3 3
8 4 . 5 7 — - — — — — — —
1
9 56 .4 5 1 . 9 6 5 . 0 5 0 . 1 5 0 . 9 4 6 . 8 4 2 . 9 4 4 . 6 3 2 . 4
1 7 . 8 4 8 . 4 4 9 . 6 3 2 . 6 3 2 . 4 4 5 . 3 3 8 . 8 4 4 . 9 4 3 . 3
l O  v  
A 3 6 . 3 4 7 . 6 2 3 . 4 4 0 . 4 4 1 . 2 4 2 . 6 2 7 . 9 U . l 3 6 . 8*±
3 3 . 5 2 2 . 8 - 3 9 . 4 3 6 . 6 4 1 . 2 - 7 2 . 2 3 5 . 7
J
£ 3 4 . 5 55 .7 - 2 4 . 7 2 8 . 6 3 2 . 7 - 2 8 . 6 -U
7 3 8 . 5 - - - 3 3 . 9 4 0 . 4 - 3 2 . 9 -/
8 1 2 . 9
— — — —
\
“ “ 3 2 . 6
P r o  M a X ‘
2 7 8 . 3 2 1 2 . 3 2 6 2 . 9 2 6 0 . 7 2 1 9 . 5 192 -.5 2 5 7 . 4 2 3 7 . 6 293f .  2 %^ * -K K •M i n . 2 4 1 . 5 1 7 7 . 1 2 6 1 . 3 2 2 6 . 1 2 0 1 . 9 1 5 9 . 0 2 1 5 . 1 1 9 1 . 4 2 4 3 . 7












A xia l  S e c t i o n s
S p e c i mens UA2253 UA2254 UA2255 UA2256 UA2257 UA2258 UA2259 UA2260 UA2261
1 . 3 6 . 23 .31 .37 .21 . 37 .42 . 3 8 . 5 3
2 . 7 3 .57 . 63 . 73 .47 .65 .75 . 61 -
HL 3 1 . 2 1 .95 1 . 0 5 1 . 3 6 ' . 79 1 . 0 1 1 . 5 3 . 9 6 2 . 0 5
4 - 1 . 6 9 1 . 5 8 1 . 7 0 1 . 4 0 - 2 . 2 0 1 . 3 9 2 . 9 1
5 - 2 . 5 6 2 . 4 3 3 . 5 3 2 .  18 4 . 2 5 3 . 0 8 2 . 2 6 -
6 - 3 . 4 2 3 . 2 2 4 . 8 4 - 5 . 4 2 4 . 8 1 3 . 5 3 -
7
8
5 . 2 2 — 5 . 2 2 *“
_ .
1 . 16 .21 .14 . 13 . 1 8 . 22 . 1 8 . 26
2 . 32 .24 . 30 .25 .18 .26 .31 .25 .39
RV 3 . 45 . 33 . 43 . 36 . 2 8 .37 . 47 . 35 .55
4 - . 47 . 58 .55 . 40 .53 . 69 . 47 . 76










1 1 3 . 8 1 7 . 6 2 3 . 1 2 0 . 4 1 1 . 0 1 9 . 3 1 2 . 1 3 2 . 5 2 2 . 6
2 3 4 .  1 1 4 . 3 2 0 . 4 - 1 1 . 6 1 9 . 3 3 9 . 1 1 8 . 7 4 0 . 7
PT 3 5 0 . 6 2 3 . 7 4 1 . 3 3 3 . 5 2 8 . 1 2 0 . 9 4 4 . 0 2 7 . 0 5 5 . 0
4 - 2 4 . 8 4 6 . 2 5 2 . 3 35 .2 4 2 . 9 8 2 . 5 3 5 . 8 8 2 . 5
5 - 5 6 . 7 6 0 . 5 7 2 . 6 5 6 .  1 6 9 . 9 - 6 8 . 8 -
6
7
- 6 1 . 1 6 5 . 5 8 4 . 2 6 0 . 5 - — 5 3 . 4 —
/
8 _ — — _ — — — — -












Axia l  S e c t i o n s
S p e c i m e n s UA2253 UA2254 UA2255 UA2256 UA2257 UA2258 UA2259 UA2260 UA2261
0 . 0 7 . 08 . 04 .06 . 06 _ . 04 . 0 8
1 .16 - . 15 . 13 . 11 .09 .12 . 10 . 26
TW 2 .21 - . 24 .22 . 20 .14 . 16 . 19 .52
3 - . 63 * i  J . 31 - . 24 - . 30 . 78
4 - . 77 . 53 .71 . 5 9 . 37 .55 .71 -
5
6
— 1 . 4 2 1 . 1 1 1 . 0 9 — . 72 —
1 1 . 4 1 1 . 5 1 1 . 6 7 2 . 6 6 2 . 0 3 1 . 9 0 2 . 1 4 2 . 0 3
2 2 . 3 0 2 . 4 1 2 . 0 7 2 . 6 0 2 . 8 7 2 . 4 9 2 . 4 3 2 . 3 7 -
FR 3 2 . 6 8 2 . 8 5 2 . 4 5 2 . 8 4 3 . 7 7 2 . 7 0 3 . 2 8 2 . 7 5 3 . 7 6
4 - 3 . 6 1 2 . 7 0 3 . 4 7 3 . 0 6 - 3 . 2 1 2 . 9 3 3 . 8 3





3 . 7 5 3.  14
--
4 . 3 5 4 . 4 6
-
3 . 7 4
-
1
2 4 5 . 8 4 8 . 4 8 3 . 7 4 4 . 5 4 1 . 4 3 9 . 5 4 4 . 8 4 9 . 9
TS 3 4 2 . 5 4 0 . 7 4 0 . 5 4 1 . 4 5 2 . 8 42 .9 5 0 . 1 3 6 . 2 3 8 . 0
4 - 4 0 . 1 3 6 . 3 5 3 . 6 4 5 . 4 4 3 . 4 4 7 . 3 3 6 . 3 3 9 . 0





3 8 . 3 3 1 . 0 3 9 . 4 3 1 . 5 5 5 . 4
-
3 2 . 9
-
8
M a x . 3 2 1 . 8 1 8 6 . 5 2 1 1 . 2 1 7 2 . 2 1 7 7 . 7 2 1 8 . 9 2 2 6 . 6 3 0 3 . 6P r o .
M i n . 2 5 6 . 3 - 1 8 4 . 8 1 5 5 . 1 1 6 0 . 6 1 6 5 . 0 1 8 3 . 7 2 1 7 . 8 2 6 8 . 4














A x ia l  S e c t i o n s
S p e c i m e n s UA2262 UA2263 UA2264 UA2265 UA2266 UA2267 UA2268 UA2269 UA2270
1 . 23 . 2 9 . 40 . 30 . 30 .27 .31 .31 . 20
2 . 4 8 .51 . 80 . 56 . 56 .47 .57 .53 . 50
HL 3 .94 .87 - 1 . 0 0 1 . 0 0 . 89 . 98 .97 . 82
4 1 . 3 2 1 . 3 7 - - - 1 . 4 2 1 . 9 0 - 1 . 3 6
5 - 2 . 2 2 3 . 4 7 2 . 4 9 2 . 4 9 2 . 0 1 3 . 2 4 - 2 . 4 0
6 2 . 9 3 3 . 6 6 5 . 0 3 3 . 2 3 3 . 2 3 3 . 0 0 4 .  35 3 . 7 2 -
7 4 . 1 4 5 . 1 5 - 4 . 7 2 4 . 7 2 4 . 4 7 - - -
8 - - - 5 . 9 9 5 . 9 9 5 . 7 2 - - -
1 . 13 . 19 .20 . 19 . 1 9 .15 . 16 . 17 . 24
2 . 22 . 27 .31 . 27 .27 .23 .24 .24 . 32
RV 3 . 32 .36 . 46 . 3 8 . 38 .31 .37 . 33 . 42
4 . 49 .46 . 63 . 49 . 49 .41 . 4 9 . 47 . 59
5 . 69 .63 . 87 .65 .65 . 57 .73 .65 . 7 9
6 - . 84 1 . 1 1 .86 . 86 . 77 1 . 0 2 - -
7 - 1 . 0 5 - 1 . 1 0 1 . 1 0 1 . 0 4 - - -
8 - - - - - 1 . 5 1 - - -
1 2 9 . 7 3 0 . 3 1 2 . 1 1 0 . 5 1 0 . 5 - — 1 7 . 6 2 3 . 7
2 1 7 . 6 2 3 . 7 2 9 . 7 3 0 . 3 3 0 . 3 - 1 4 . 3 1 9 . 3 5 2 . 3
PT 3 3 0 . 8 3 1 . 4 4 2 . 4 2 3 . 1 2 3 . 1 1 8 . 7 2 5 . 3 1 9 . 3 2 7 . 5
4 5 7 . 2 3 9 . 1 3 8 . 0 35.13 3 5 . 8 4 7 . 3 4 2 . 4 2 8 . 6 5 2 . 8
5 7 6 . 5 5 5 . 6 6 2 . 2 6 5 . 5 6 5 . 5 7 9 . 8 6 3 . 3 4 6 . 8 8 3 . 6
6 - 5 8 . 9 - 4 5 . 1 4 5 . 1 8 1 . 4 6 6 . 6 5 7 . 2 -
7 - - - 8 8 . 6 8 8 . 6 7 6 . 5 - - -
8 - - - - - - - - -












A x ia l  S e c t i o n s
S p e c i m e n s UA2262 UA2263 UA2264 UA2265 UA2266 UA2267 UA2268 UA2269 UA2270
0 .05 . 0 8 . 06 .06 . 06 . 06 . 04 .05 _
1 .10 - . 14 .12 . 12 . 07 .14 .11 . 10
TW 2 . 13 .23 .25 - - - . 26 .19 .20
3 . 2 9 . 28 .61 . 29 . 2 9 - . 54 . 33 . 2 8
4 . 67 .51 .67 .32 .32 .39 1 . 0 4 - . 37
5 . 79 .82 1 . 3 6 .67 .67 - - . 96 -
6 - 1 . 0 5 - 1 . 0 8 1 . 0 8 1 . 0 0 - - -
1 1 . 7 1 1 . 5 4 2 . 0 0 1 . 6 4 1 . 6 4 1 . 8 2 1 . 9 3 1 . 8 7 .84
2 2 . 2 0 1 . 9 3 2 . 5 6 2 . 0 7 2 . 0 7 2 . 0 2 2 . 3 5 2 . 1 9 1 . 5 6
FR 3 2 . 9 4 2 . 4 2 - 2 . 6 7 2 . 6 5 2 . 8 6 2 . 6 6 2 . 9 3 1 . 9 5
4 2 . 7 1 2 . 9 7 - - - 3 . 4 4 3 . 8 8 - 2 . 2 9
5 - 3 . 5 3 4 . 0 0 3 . 8 1 3 . 8 1 3 . 5 2 4 . 4 2 - 3 . 0 4
6 - 4 . 3 3 4 . 5 3 3 .  76 3 . 7 6 3 . 8 7 4 . 2 5 - -
7 - 4 . 9 1 - 4 . 3 0 4 . 3 0 4 . 2 9 - - -
8 — — — *“ — 3 . 7 9 “ —
1
2 6 0 . 7 4 2 . 7 5 7 . 0 4 6 . 3 4 6 . 3 5 4 . 6 5 1 . 2 4 6 . 4 3 3 . 8
TS 3 4 7 . 6 3 4 . 3 4 5 . 4 3 7 . 8 3 8 . 8 3 4 . 9 5 0 . 6 3 5 . 7 3 1 . 9
4 5 2 . 6 2 8 . 7 3 9 . 0 3 1 . 2 3 0 . 3 3 2 . 1 3 3 . 4 4 0 . 8 4 0 . 0
5 4 1 . 7 3 6 . 4 3 6 . 9 3 2 . 5 3 2 . 5 3 7 . 9 4 9 . 3 4 0 . 4 3 3 . 7
6 - 3 4 . 0 2 7 . 8 3 1 . 4 3 1 . 4 3 5 . 9 3 9 . 7 - -
7 - 2 4 . 1 - 2 7 . 8 2 7 . 8 3 4 . 5 - - -
8 - - - - 4 4 . 9 — - —
M a x . 1 5 0 . 7 2 5 9 . 6 2 4 0 . 9 2 3 9 . 3 2 2 7 . 2 2 2 0 . 0 1 9 0 . 3 2 4 7 . 5 2 9 9 . 8
Pr o  • . . ,  M i n . 1 4 7 . 4 2 1 3 . 4 1 9 9 . 1 1 9 6 . 9 2 2 6 . 6 2 1 2 . 3 1 8 7 . 6 2 4 3 . 7 2 7 5 . 0













A x ia l  S e c t i o n s
S p e c i m e n s UA2271 UA2272 UA2273 UA2274 UA2275 UA2276 UA2277 UA2278 UA2279
1 .25 . 39 . 22 .25 .34 . 36 .25 . 3 3 . 22
2 . 43 . 8 8 . 59 . 58 . 6 9 .73 .41 . 8 8 .39
HL 3 . 7 8 1 .17 1 . 0 4 - - 1 . 0 5 - 1 . 4 9 . 76
4 1 . 2 8 - 1 . 8 9 2 . 1 0 2 . 3 0 1 . 4 2 1 . 8 3 2 . 4 1 1 . 3 6





3 . 8 7
- - - -
5 . 2 5 3 . 2 6
0
1 . 17 . 22 . 19 .15 .24 . 1 7 . 1 3 . 1 6 .13
2 .22 .33 .27 . 23 . 34 . 25 .20 .25 . 19
RV 3 .31 .41 .40 .35 . 44 . 34 . 29 . 37 .26
4 . 43 - .55 . 47 .61 . 4 6 .41 .55 . 40
5 .57 - . 72 .64 - - - . 81 . 56







1 . 0 9
1 1 2 . 1 29 .  7 1 2 . 7 2 0 . 4 1 5 . 4 1 6 . 5 1 3 . 8 2 0 . 4 1 1 . 0
2 1 2 . 1 3 1 . 4 3 0 . 8 2 3 . 7 3 0 . 3 1 6 . 5 2 0 . 4 2 2 . 6 1 2 . 1
PT 3 2 3 . 1 4 0 . 2 3 0 . 3 3 1 . 9 5 5 . 6 3 0 . 3 2 8 . 1 3 8 . 0 2 0 . 9
4 2 8 . 6 - 4 1 . 3 4 9 . 0 6 6 . 6 3 4 . 1 3 5 . 8 6 6 . 6 4 6 . 8
5 3 8 . 5 - 3 6 . 3  , 5 6 . 7 - - - 7 2 . 6 5 9 . 4
6 - - 7 3 . 2 - - - - - 5 6 . 7
7 - - - - - - - - 8 0 . 9
8 - - - - - - - - -












A xia l  S e c t i o n s
S p e c i m e n s UA2271 UA2272 UA2273 UA2274 UA2275 UA2276 UA2277 UA2278 UA2279
0 . . 09 .. . 10 . 07 . 05 . 10 . 07
1 . 1 8 .25 . 12 .11 .21 . 15 . 0 8 . 18 -
TW 2 - - . 43 . 19 . 30 .27 . 1 9 .32 . 19
3 - - . 40 .35 - - . 37 - . 33
4 - - . 5 7 . 55 - - - 1 . 3 5 . 99
5 - - 1 . 6 9 - - - - - 1 . 0 1
6 — - — - - - — - . 9 8
1 1 . 4 8 1 . 7 7 1 . 1 6 1 . 6 5 1 . 4 3 2 . 0 9 1 . 8 4 2 .02 1 . 6 7
2 1 . 9 3 2 . 6 8 2 . 2 0 2 . 4 9 2 . 0 3 2 . 8 9 2 . 0 0 3 . 4 7 2 . 0 4
FR 3 2 . 5 1 2 . 8 5 2 . 6 3 - - 3 . 1 2 - 3 . 9 7 2 . 8 5
4 3 . 0 0 - 3 . 4 6 4 . 4 4 3 . 7 6 3 . 0 7 4 . 4 5 4 . 3 6 3 . 3 8
5 3 . 0 2 - 3 . 9 1 4 . 1 7 - - - 4 . 4 9 3 . 8 5
6 - - 3 . 8 2 - - - - 5 . 0 1 4 . 3 7
7 - - - - - - - - -
8 — — — — — — — - —
1
2 3 2 . 2 4 7 . 5 4 1 . 4 5 4 . 5 4 0 .  1 4 5 . 0 5 1 . 1 5 5 . 9 4 3 . 2




3 6 . 7
3 2 . 5 -
3 8 . 2
3 2 . 2  
3 9 . 9
3 4 . 8
3 5 . 1
3 8 . 3 3 7 . 2 4 1 . 3 4 7 . 8
4 6 . 5
2 9 . 4
5 1 . 9
3 9 . 9  
3 2 . 1U
7 - - - - - - - - 4 6 . 0
8
— — — — — “
Pro . M a x . 2 4 0 . 4 2 7 6 . 1 2 9 1 . 5 2 0 7 . 4 2 7 5 . 0 2 4 8 . 6 1 9 0 . 9 2 3 2 . 7 1 8 1 . 5M i n . 2 1 0 . 7 262 .4 2 5 5 . 8 1 9 1 . 4 2 7 3 . 4 2 2 7 . 2 1 7 9 . 9 2 1 2 . 3 1 5 5 . 7













A x ia l  S e c t i o n s
S p e c i mens UA2280 UA2281 UA2282 UA2283 UA2284 UA2285 UA2286 UA2287 UA2288
1 . 53 . 37 . 39 .22 . 28 . 13 .17 .34
2 1 . 1 5 - . 82 .55 . 56 .61 .32 .45 .67
HL 3 - . 89 - 1 .08 .85 1 .33 . 53 .89 1 . 2 5
4 - 1 .22 - 1 . 5 1 - - . 79 1.  80 -
5 - 1 . 80 - 2 . 5 0 - 3 . 7 8 1 . 6 2 3 . 1 8 3 . 7 4
6
n
- - 4 . 6 1 3 . 7 5 - - 2 . 9 5 4 . 6 4 —
/
8 - - - - 3 . 4 0 - - - -
1 . 28 .16 . 19 .15 . 13 . 16 . 09 .10 . 18
2 . 43 .23 . 2 8 .24 . 19 .26 .14 . 19 . 28
RV 3 - .32 .40 .31 . 26 .40 .21 .31 .42
4 - .43 - . 43 .34 . 56 .30 .46 . 62
5 - . 57 - - . 46 - .42 .71 . 86
6 - - . 90 - .61 - . 67 1 . 0 3 -
7 - - - - . 81 - .94 - -
8 - - - - . 99 - — —  ■ —
1 4 4 . 6 7 . 2 1 0 . 5 1 9 . 3 — 2 2 . 0 9 . 9 1 2 . 7 1 6 . 5
2 5 8 . 9 1 3 . 2 1 9 . 3 2 9 . 2 1 2 . 1 3 2 . 5 1 3 . 2 1 8 . 7 3 1 . 4
PT 3 - 2 4 . 8 29 7 - 1 6 . 0 3 8 . 5 3 0 . 3 3 6 . 9 4 9 . 5
4 - 3 5 . 8 5 3 . 9 4 9 . 5 2 4 . 8 5 7 . 8 3 2 . 5 5 8 . 9 6 0 . 5
5 - 4 6 . 8 - - 4 4 . 6 7 1 . 0 4 1 . 3 9 3 . 5 8 9 . 1
6 - - 6 0 . 5 - 4 4 . 6 - 6 6 . 6 9 6 . 3 -
7 - - - - 5 5 . 0 - - - -
8 - - - - 7 2 .  1 - - - -












A xia l  S e c t i o n s
S p e c i m e n s UA2280 UA2281 UA2282 UA2283 UA2284 UA2285 UA2286 UA2287 UA2288
0 . 1 3 . 08 . 0 6 . 09 .05 . 05 _
1 . 2 0 .15 . 14 . 12 - . 21 . 07 .11 . 2 0
T W 2 - - . 56 - - . 29 . 09 . 15 . 3 4
3 — - - - - - - . 55 .66
4 - - - . 58 - . 79 - . 97 1 . 0 9
5 - - - . 90 - - 1 . 0 0 1 . 1 2 -
6 - - - - - - 1 . 2 5 — —
1 1 . 8 6 2 .32 2 . 0 6 1 . 5 2 - 1 . 7 6 1 . 5 1 1 . 6 2 1 . 9 2
2 2 . 6 5 - 2 . 9 5 2 . 2 6 2 . 9 4 2 . 3 1 2 . 1 9 2 . 3 8 2 . 4 0
FR 3 - 2 . 7 9 - 3 . 4 3 3 . 2 5 3 . 3 1 2 . 5 2 2 . 8 6 2 . 9 5
4 - 2 . 8 2 - 3 . 5 4 - - 2 . 6 7 3 . 8 8 -
5 - 3 . 1 3 - - - - 3 . 8 4 4 . 4 8 4 . 3 2
6 - - 5 . 1 3 - - - 4 . 4 1 4 . 4 8 -
7 — - - - - - - - -
8 - - - — 3 . 4 1 _
1
2 5 2 . 9 4 6 . 8 4 6 . 4 6 5 . 8 4 9 . 1 6 7 . 2 6 2 . 6 8 0 . 6 5 7 . 1
TS 3 - 3 5 . 3 4 3 . 5 2 8 . 4 3 5 . 7 5 1 . 9 4 5 . 9 6 5 . 5 5 1 . 7
4 — 3 6 . 2 - 3 6 . 0 3 0 . 4 3 9 . 0 4 0 . 2 4 9 . 6 4 6 . 9
<; — 3 3 . 2 - - 3 7 . 0 - 4 2 . 1 5 2 . 9 3 9 . 2
£ - - - - 3 2 . 1 - 5 8 . 5 4 5 . 9 -u
7 - - - - 3 1 . 9 - 3 9 . 8 - -
8 - - - - 2 2 . 8 —
_ M a x . 3 1 0 . 2 2 2 4 . 4 2 4 6 . 4 2 29 . 4 1 8 3 . 2 1 8 5 . 9 2 2 7 . 7 1 3 1 . 5 225 .5
P r o - M i n . 2 4 2 . 0 2 0 2 . 4 2 3 8 . 2 182 . 1 1 6 2 . 3 1 7 9 . 9 1 8 7 . 6 1 2 6 . 5 2 0 6 . 3














A xia l  S e c t i o n s
S p e c i m e n s UA2289 UA2290 UA2291 UA2292 UA2293 'UA2294 UA2295 UA2296 UA2297
1 .25 .42 . 44 . 2 9 . 13 . 13 . 24 .15 . 4 7
2 . 59 . 93 . 73 . 46 .35 .34 .45 . 30 .75
HL 3 .94 1 . 5 1 1 . 0 5 - . 89 .62 . 97 . 67 1 . 3 3
4 - 1 . 9 7 - 1 . 5 1 1 . 7 0 .94 1 . 6 3 - 2 . 1 4
5 2 . 2 4 3 . 4 3 2 . 0 0 2 . 0 7 - 1 . 5 3 2 . 6 6 - 3 . 1 4
6 - - 2 . 8 9 2 . 8 5 - 2 . 2 2 4 . 0 0 2 . 1 5 4 , 4 9
7 - 6 . 2 4 4 . 2 7 4 . 8 1 - - 6 . 2 0 - 5 . 2 3
8 - - 5 . 2 6 - — - - - -
1 . 12 .20 . 17 . 15 . 14 . 13 . 18 .12 . 16
2 . 18 .26 .25 .21 .21 .21 . 24 . 17 . 23
RV 3 . 26 . 3 8 .34 . 2 8 .34 .29 . 33 - . 33
4 . 40 .54 . 48 . 4 0 . 50 .40 . 43 .32 . 46
5 .57 .72 .65 . 54 .70 .55 . 60 .44 .62
6 - 1 . 0 7 . 88 - - - . 84 . 60 .84
7
8
1 . 4 8 1 . 1 8
:
“ 1 . 1 5
1 9 . 9 . 1 3 . 8 1 1 . 6 1 4 . 3 1 7 . 1 a, 6 . 1 1 4 . 3
2 2 9 . 2 3 5 . 2 3 1 . 4 1 6 . 0 1 2 . 7 1 8 . 7 1 4 . 9 1 3 . 8 1 8 . 7
PT 3 3 6 . 9 4 9 . 5 3 5 . 2 2 0 . 9 3 1 . 4 - 2 2 . 6 - 2 2 . 6
4 6 5 . 5 55, .0 4 2 . 9 4 5 . 7 7 8 . 7 2 9 . 2 4 5 . 1 2 6 . 4 4 0 . 7
5 5 9 . 4 72'. 1 5 3 . 4 5 3 . 9 6 7 . 1 4 4 . 0 4 9 . 0 - 4 1 . 8
6 - 6 9 . 9 9 6 . 3 - - - 6 3 . 3 6 0 . 5 -
7 - 9 4 . 1 - - - - 8 8 . 0 - 9 0 . 2
8 - - - - - - - -













A xia l  S e c t i o n s
S p e c i m e n s UA2289 UA2290 UA2291 UA2292 UA2293 UA2294 UA2295 UA2296 UA2297
0 _ _ . 04 . 06 . 06 . 10
1 . 10 .14 - - . 10 . 10 - . 0 8 . 16
TW 2 - - - . 07 . 19 .17 - . 21 . 22
3 .21 - \ -  \ . 19 . 54 . 48 - - . 39
4 . 39 - . 51 .29 . 77 . 57 1 . 2 0 - . 7 8
5 - - ' . 86 .82 1 . 3 0 .61 - - 1 . 3 2
6 - - .75 - - - - - -
1 2 . 0 7 2 . 14 2 . 6 3 1 . 9 5 . 90 . 97 1 . 3 4 1 . 2 4 2 . 9 4
2 3 . 3 3 3 . 5 6 2 . 8 7 2 . 2 3 1 . 6 6 1 . 6 7 1 . 9 0 1 . 7 3 3 . 1 9
FR 3 3 . 5 6 3 . 9 9 3 . 1 2 - 2 . 6 5 2 . 1 4 2 . 9 2 - 4 . 0 2
4
5 3 . 9 5
3 . 6 7
4 . 7 7 3 . 0 6
3 . 8 1
3 . 8 0
3 . 4 1 2 . 3 4
2 . 7 8
3 . 7 7
4 . 4 4 :
4 . 6 2
5 . 0 3
6 - - 3 . 2 7 - - - 4 . 7 6 3 . 5 8 5 . 3 6
7 - 4 . 2 0 3 . 6 3 - - - - - 4 . 5 4
8 — *• “ — — —
1
2 4 9 . 4 3 2 . 8 5 3 . 1 3 9 . 0 5 3 . 4 6 0 . 9 3 1 . 3 4 6 . 1 4 6 . 0
TS 3 4 9 . 6 4 4 . 0 3 2 . 9 3 5 . 4 5 9 . 1 3 9 . 1 3 9 . 8 - 4 1 . 4
4 5 1 . 6 4 1 . 6 4 1 . 4 4 2 . 1 4 7 . 7 4 0 . 2 2 9 . 6 - 4 0 . 0
5 4 0 . 9 3 4 . 2 3 6 . 5 3 7 . 5 4 1 . 0 3 6 . 4 3 8 . 2 3 8 . 2 3 4 . 3
6 - 4 8 . 7 3 5 . 2 - -- - 4 0 . 4 3 7 . 2 3 4 . 4
7 - 3 8 . 8 3 3 . 6 - - - - - 3 7 . 4
8 — “* — —
—. — “*
Pro.
M a x . 1 7 5 . 5 2 8 7 . 1 1 2 3 . 2 165 .0 2 1 2 . 9 1 8 7 . 0 2 4 8 . 6 1 7 6 . 6 2 3 4 . 9
M i n . 1 4 5 . 2 - - 1 2 2 . 7 1 7 4 . 4 1 8 2 . 1 2 1 7 . 3 1 6 3 . 9 2 1 8 . 4













A xia l  S e c t i o n s
S p e c i m e n s UA2298 UA2299 UA2300 UA2301 UA2302 UA2303 UA2304 UA2305
1 . 39 . 29 . 26 . 25 .31 .22 . 19 .21
2 .61 .55 . 46 . 77 . 5 6 .46 . 43 .42
HL 3 1 . 0 2 1 . 1 7 . 88 1 . 1 3 1 . 0 3 . 86 .71 .77
4 1 . 7 3 2 . 0 7 1 . 6 8 1 . 5 9 1 . 3 8 1 . 4 9 1 . 0 7 1 . 1 0
5 2 . 7 6 3 . 0 4 2 . 5 7 2 . 2 2 2 . 3 4 2 . 2 5 1 . 6 1 1 . 9 0
6 - 4 . 1 0 3 . 8 5 - 3 . 3 7 - 3 . 1 2 -
7
8 _
5 . 5 1
_ .
“■ —
1 . 17 .14 . 18 . 17 .12 .12 .10 .11
2 .25 . 22 24 . 25 . 1 9 .18 . 17 . 19
RV 3 .35 .32 .34 . 32 . 29 .29 . 28 . 26
4 . 46 . 48 . 4 8 .44 .42 .43 . 43 .43
5 . 63 .64 . 6 7 . 58 .63 .62 . 61 .62
6 - . 94 . 88 - .91 - . 84 -
7
8
— 1 . 1 6
1 1 1 . 6 12 . 1 1 1 . 6 1 2 . 1 1 5 . 4 1 2 . 7 1 6 . 0 1 2 . 7
2 2 0 . 9 2 8 . 6 1 4 . 9 1 4 . 3 1 8 . 7 1 8 . 7 1 8 . 2 2 3 . 1
PT 3 4 5 . 1 2 8 . 6 2 8 . 1 2 6 . 4 4 6 . 8 3 1 . 4 2 5 . 9 2 8 . 1
4 2 8 . 6 4 1 . 8 34 .  7 3 9 . 1 5 0 . 6 4 5 . 7 3 1 . 4 4 5 . 1
5 6 9 . 9 3 6 . 9 5 7 . 8 - 7 7 . 0 - 3 6 . 9 5 6 . 7
6 - 8 1 . 4 3 5 . 2 - 8 5 . 3 - - -
7 - - 8 3 . 1 - - - - -
8 - - - - - - - -













Axia l  S e c t i o n s
S p e c i m e n s UA2298 UA2299 UA2300 UA2301 UA2302 UA2303 UA2304 UA2305
0 . 10 . 08 . 06 . 09 . 06 . 07 . 05 . 0 6
1 . 17 . 12 .15 .13 . 10 .11 . 09 . 09
TW­ 2 . 22 . 20 . 2 8 .22 . 1 8 . 17 . 19 .14
3 . 33 .39 . 39 .47 . 2 8 . 30 .25 . 27
4 .81 1 . 0 9 .54 . 62 . 43 .46 - . 43
5 - 1 . 3 2 - - . 85 . 88 . 88 -
6 - - 1 . 6 5 - - - - -
1 2 . 2 6 2 . 0 6 1 . 4 8 1 . 5 0 2 . 6 9 1 . 8 7 1 . 8 2 1 . )  0
2 2 . 4 6 2 . 4 5 1 . 9 3 3 . 1 2 2 . 9 1 2 . 4 9 2 . 4 8 2 . 1 6
ER 3 2 . 9 0 3 . 6 7 2 . 5 9 3 . 5 4 3 . 5 8 2 . 9 5 2 . 5 0 2 . 9 3
4 3 . 7 8 4 . 3 3 3 . 4 7 3 . 6 0 3 . 2 9 3 . 4 5 2 . 4 5 2 . 5 3
5 4 . 4 1 4 . 7 1 3 . 8 5 3 . 8 2 3 . 7 1 3 . 6 4 2 . 6 5 3 . 0 7
6 - 4 . 3 8 4 . 3 6 - 3 . 7 1 - 3 . 7 2 -
7 - - 4 . 7 3 - - - - -






4 1 . 9
4 1 . 8  
3 0 . 5
3 6 . 8
6 0 . 3
4 2 . 4
4 9 . 5  
3 5 . 0
3 4 . 1
4 2 . 6  
4 3 . 0
3 7 . 6
4 6 . 4  
2 9 . 2  
3 8 . 8
3 1 . 4
6 3 . 8
4 9 . 6
4 6 . 2
5 0 . 3
5 9 . 7
5 7 . 1
4 7 . 9
4 3 . 3
6 4 . 6
6 5 . 6  
5 2 . 4
3 9 . 7
6 8 . 7
3 5 . 7
6 5 . 1
4 2 . 1J
6 - 4 5 . 1 3 2 . 4 - 4 4 . 3 - 3 7 . 8 -
7 - - 3 1 . 7 - - - - -
8 — —
“*
Pro. M a x . 2 6 2 . 9 1 9 3 . 6
1 8 3 . 2 2 5 2 . 5 1 7 1 . 1 1 8 9 . 2 1 3 9 . 2 2 0 9 . 6
M i n . 2 2 6 . 1 1 7 7 . 1 1 6 2 . 3 2 3 4 . 9 1 5 5 . 1 1 6 4 . 5 1 3 7 . 5 1 4 1 . 9













Sagit ta l  S e c t i o n s
S p e c i m e n s UA2306 UA2307 UA2308 UA2309 UA2310 UA2311 UA2312 UA2313 UA2314
T
X . 3 0 7 . 33 3 . 23 0 . 2 1 8 . 241 . 18 6 . 2 1 6 . 2 6 0 .265
2 . 42 7 .461 . 33 6 .322 .345 . 302 . 30 6 . 39 3 . 445
RV 3 . 5 7 4 . 7 4 8 . 4 9 6 . 46 7 . 47 6 . 44 3 . 4 0 9 . 57 4 . 62 7
4 . 75 5 1 . 0 1 0 . 6 9 8 . 6 0 8 . 63 1 . 56 0 . 5 6 8 . 8 0 2 .865
5 1 . 0 2 0 - . 89 8 .892 .85  2 - . 75 9 - 1 . 2 4 2
6 1 . 2 4 2 - 1 . 1 6 6 - 1 . 1 4 6 - — 1 . 6 1 0
1 2 6 . 4 2 5 . 3 1 3 . 8 1 6 . 0 2 6 . 4 2 4 . 8 2 5 . 9 1 4 . 9 2 2 . 0
2 2 5 . 9 3 3 . 0 - 2 3 . 7 3 0 . 3 4 5 . 1 3 3 . 6 2 6 . 4 2 3 . 7
PT 3 3 2 . 5 4 0 . 7 3 9 . 6 4 2 . 4 3 6 . 9 4 5 . 1 3 0 . 8 4 9 . 5 3 5 . 8
4 4 4 . 6 6 2 . 7 - 5 1 . 2 5 1 . 2 - 5 0 . 1 6 4 . 4 3 8 . 5
5 4 6 . 8 - 7 1 . 0 8 6 . 9 5 1 . 2 - 6 2 . 7 - 6 5 . 5
6 5 4 . 5 - - - 8 0 . 3 - - 8 4 . 2
1 8 10 _ 11 10 7 10 10 8
2 16 15 - 13 17 10 16 16 13
SC 3 17 17 - 14 15 15 15 19 18
4 21 16 - 15 21 - 20 24 18
5 20 - - 19 25 - 19 - 19
6 19 - 29 - 29 - - - 26
7 21 - 33 - — — —
_. M a x . 199 .  7 3 2 5 . 6 2 1 9 . 5 2 4 6 . 4 3 1 2 . 4 2 1 9 . 5 2 4 2 . 6 2 8 0 . 0 1 6 5 . 0
M i n . 1 6 9 . 4 2 6 6 . 8 2 0 7 . 9 2 1 3 . 4 2 2 8 . 3 1 9 4 . 2 2 1 4 . 0 2 7 5 . 0 1 5 5 . 7













Sagit ta l  S e c t i o n s
S p e c i m e n s UA2315 UA2316 UA2317 UA2318 UA2319 UA2320
1 . 2 0 7 . 2 2 0 . 11 0 .170 .19 2 .181
2 . 30 7 . 34 4 .181 . 27 2 . 2 8 0 . 28 6
RV 3 . 43 6 . 47 9 . 28 0 .437 . 39 0 . 40 9
4 . 5 8 3 . 653 . 3 9 4 . 6 8 4 . 52 8 -
5 . 80 6 . 90 4 .585 - . 6 9 9 -
6 1 . 1 3 6 - - - . 98 5 —
1 1 2 . 1 — 9 . 9 1 2 . 1 1 6 . 5 -
2 2 5 . 9 2 9 . 7 1 4 . 3 2 9 . 7 2 3 . 1 2 4 . 8
PT 3 2 9 . 7 4 2 . 4 2 2 . 0 4 7 . 3 2 8 . 1 4 1 . 8
4 4 5 . 7 5 0 . 1 3 0 . 8 5 3 . 4 3 9 . 1 -
5 7 9 . 2 7 2 . 1 4 4 . 0 - 4 6 . 2 -
6 8 8 . 6 - - - 7 1 . 5 —
1 11 9 8 10 8 10
2 16 14 10 13 13 16
SC 3 16 17 14 14 16 18
4 19 19 16 17 17 -




^  M a x . 2 2 4 . 4 1 8 6 . 5 1 3 3 . 7 1 6 6 . 7 2 2 0 . 0 2 2 3 . 3
M i n . 1 9 8 . 0 - 1 1 3 . 3 1 5 1 . 8 1 8 9 . 2 1 9 7 . 5














A xia l  S e c t i o n s
S p e c i m e n s UA2375 UA2376 UA2377 UA2378 UA2379 UA2380 UA2381 UA2382 UA2383
1 . 23 . 19 . 20 .22 . 36 . 28 .20 .15 .29
2 . 3 7 .45 . 43 . 48 . 80 . 58 . 4 8 .42 .61
HL 3 . 62 .81 . 70 . 89 1 . 4 0 1 . 1 9 . 89 .83 1 . 1 2
4 1 . 1 0 1 . 3 2 1 . 2 2 1 . 5 4 2 . 7 9 2 . 0 4 1 . 3 0 1 . 3 7 1 . 4 0
5 2 . 0 7 2 . 2 8 2 . 2 6 2 . 3 3 4 . 2 0 4 . 1 3 2 . 0 7 2 . 3 0 2 . 3 2
6 3 . 3 8 - - 3 . 6 6 - - 3 . 2 8 3 . 4 6 3 . 7 7
7 4 . 4 8 - - - - - - - -
1 . 10 .14 .11 . 12 . 20 .20 .14 . 16 . 1 6
2 . 15 .22 . 17 . 18 . 30 .34 .22 . 26 . 24
RV 3 . 24 .36 .27 .31 . 4 8 . 49 .31 . 38 . 34
4 . 38 .54 .42 .47 .73 .70 . 44 .55 . 47
5 . 56 . 80 . 6 3 .71 1 . 0 9 1 . 0 3 . 60 .81 . 70
6 .77 .90 .89 1 . 1 1 - - . 82 1 . 1 4 . 99
7 - - 1 . 0 5 1 . 3 8 - - — - —
1 7 . 2 9 . 9 8 . 8 9 . 9 1 8 . 7 1 7 . 1 1 3 . 2 1 1 . 6 1 7 . 6
2 1 2 . 1 1 9 . 8 1 8 . 7 1 9 . 8 4 4 . 6 3 5 . 8 1 6 . 5 1 4 . 3 3 0 . 3
PT 3 2 4 . 8 4 4 . 0 3 5 . 8 4 1 . 3 6 8 . 8 4 5 . 1 3 0 . 8 4 6 . 2 3 9 . 1
4 4 7 . 3 4 8 . 4 7 2 . 1 5 1 . 7 7 9 . 2 6 0 . 0 3 8 . 0 5 6 . 1 4 9 . 5
5 6 8 . 8 7 6 . 5 1 1 1 . 2 7 5 . 4 8 2 . 0 8 0 . 3 6 4 . 4 8 5 . 8 7 9 . 8
6 6 0 . 5 - 1 2 2 . 2 8 0 . 3 - - 6 3 . 8 9 6 . 8 9 9 . 0
7 - - 8 0 . 9 - - - - - -














Axia l  S e c t i o n s
S p e c i m e n s UA2375 UA2376 UA2377 UA2378 UA2379 UA2380 UA2381 UA2382 UA2383
0 .05 .05 .05 .06 .05 . 07 . 07
1 .07 . 10 . 09 . 09 . 23 . 13 . 09 . 11 . 14
T W 2 . 12 . 12 . 16 .14 . 36 . 28 . 17 . 18 . 2 8
3 . 20 . 2 8 . 2 8 . 23 . 91 . 55 . 26 .41 . 33
4 .31 . 60 . 3 9 . 4 8 2 . 0 5 1 . 6 2 . 65 . 79 . 61
5 . 65 - 1 . 2 3 - - - 1 . 7 1 1 . 6 5 . 82
1 2 . 3 4 1 . 3 3 1 . 7 5 1 . 9 2 1 . 7 8 1 . 3 9 1 . 3 9 . 94 1 . 8 4
2 2 . 4 0 2 . 0 5 2 . 4 5 2 . 6 7 2 . 6 5 1 . 7 0 2 . 1 9 1 . 5 7 2 . 5 7
FR 3 2 . 5 7 2 . 2 7 2 . 5 6 2 . 8 5 2 . 9 3 2 . 4 1 2 . 8 6 2 . 1 5 3 . 3 1
4 2 . 8 6 2 . 4 7 2 . 9 1 3 . 2 9 3 . 8 3 2 . 9 2 2 . 9 2 2 . 5 1 2 . 9 6
5 3 . 6 9 2 . 8 5 3 . 5 5 3 . 2 7 3 . 8 7 4 . 0 0 3 . 4 4 2 . 8 3 3 . 2 8
6
7
4 . 4 0
- -
3 . 2 9
:
4 . 0 0 3 . 0 4 3 . 8 2
1
9 5 7 . 0 5 0 . 7 5 3 . 7 5 3 . 6 4 7 . 7 6 7 . 7 5 3 . 9 6 1 . 2 5 0 . 4L
r p q  O 5 5 . 3 6 3 . 7 5 6 . 7 7 4 . 3 5 9 . 0 4 3 . 7 4 1 . 5 4 5 . 4 4 3 . 3
l u  O  
A 6 0 . 5 4 9 . 6 5 2 . 7 5 0 . 6 5 2 . 9 4 1 . 4 4 3 . 7 4 1 . 8 3 9 . 7*T
4 5 . 3 4 8 . 9 5 1 . 2 5 1 . 7 4 8 . 9 4 7 . 5 3 5 . 6 4 9 . 1 4 9 . 1o
A 3 7 . 2 1 2 . 6 4 0 . 0 5 6 . 4 - - 3 5 . 9 3 9 . 9 3 9 . 9u
7 - - 1 8 . 0 2 4 . 5
— — — — —
M a x . 1 3 8 . 6 214 .0 1 7 0 . 5 1 5 1 . 3 2 7 7 . 2 3 1 9 . 6 2 2 6 . 6 2 6 7 . 9 2 3 7 . 6
P r o * M i n . 1 3 7 . 0 1 9 9 . 1 1 6 0 . 6 1 4 5 . 2 2 4 3 . 7 2 8 0 . 5 1 8 8 . 1 1 7 2 . 2 2 2 7 . 7













A xia l  S e c t i o n s
S p e c i m e n s UA2384 UA2385 UA2386 UA2387 UA2388 UA2389 UA2390 UA2391 UA2392
1 .31 . 23 .36 . 20 . 33 .24 . 1 9 .22 . 16
2 .75 .49 .81 . 43 . 69 .55 . 45 .45 . 39
HL 3 1 . 3 2 1 . 0 5 1 . 6 4 .76 1 . 1 9 . 99 . 81 .75 . 8 9
4 2 . 4 5 1 . 7 5 2 . 5 1 1 . 0 8 1 . 9 2 1 . 4 8 1 . 1 9 1 . 2 3 1 . 5 8
5 3 . 7 2 2 .65 - 1 . 8 0 2 . 9 3 2 . 2 1 1 . 7 6 1 . 9 4 2 . 8 3
6 — - - 2 . 7 4 - 3 . 0 4 2 . 8 0 2 . 8 6 4 . 0 2
7 - - - - - - 3 . 7 9 - —
1 . 19 .15 .15 .10 .17 .14 .11 .13 .16
2 . 2 8 . 26 .24 . 16 .24 .24 . 18 . 19 .24
RV 3 .40 .40 .37 . 23 . 36 .34 . 29 . 27 .37
4 . 57 .59 .52 . 34 . 52 .49 . 41 . 40 .51
5 .85 .85 - . 50 . 74 .69 . 60 . 63 .70
6 1 . 1 6 - - . 71 - . 93 .85 . 98 .96
7 - - - - - - 1 . 2 3 —
1 1 6 . 5 1 2 . 1 1 3 . 8 9 . 4 1 2 . 1 2 1 . 5 1 1 . 6 1 2 . 7 1 3 . 8
2 3 7 . 4 3 7 . 4 3 6 . 9 1 6 . 5 2 3 . 7 35 .2 1 6 . 0 1 1 . 0 2 8 . 1
PT 3 5 1 . 7 4 5 . 7 4 4 . 6 2 4 . 8 7 1 . 0 4 4 . 0 3 5 . 8 2 2 . 0 3 9 . 6
4 6 8 . 2 5 1 . 2 5 0 . 6 3 8 . 5 6 1 . 6 6 8 . 8 4 3 . 5 6 2 . 2 6 0 . 5
5 7 4 . 8 4 8 . 4 - 5 3 . 9 8 0 . 3 5 9 . 4 7 4 . 3 - 7 1 . 0
6 - - - 6 8 . 8 - 5 5 . 6 7 8 . 1 7 9 . 8 9 0 . 2
7 - - - - - - - - —













A xia l  S e c t i o n s
S p e c i m e n s UA2384 UA2385 UA2386 UA2387 UA2388 UA2389 UA2390 UA2391 UA2392
0 . 04 .07 . 0 8 .05 . 0 9 .06 . 04 _ . 04
1 . 19 .14 . 18 . 09 .14 .13 .08 . 07 .10
T W 2 . 3 6 .45 . 29 . 19 .24 . 22 - . 13 . 16
3 . 59 .52 . 67 . 34 . 56 .95 .25 . 1 8 . 35
4 . 82 - - . 46 . 67 . 74 .52 . 43 . 72
5 - - - . 91 - . 97 1 . 0 8 1 . 0 3 1 . 8 3
1 1 . 6 3 1 . 4 9 2 . 4 2 2 . 0 8 1 . 9 8 1 . 6 8 1 . 7 5 1 . 7 3 . 97
2 2 . 6 6 1 . 9 0 3 . 3 7 2 . 7 7 2 . 8 6 2 . 3 1 2 . 4 2 2 . 3 8 1 . 6 3
FR 3 3 . 3 3 2 . 5 9 4 . 3 7 3 . 3 6 3 . 3 1 2 . 9 0 2 . 7 5 2 . 8 2 2 . 4 2
4 4 . 2 7 2 . 9 4 4 . 8 2 3 . 1 6 3 . 6 7 3 . 0 2 2 . 8 8 3 . 0 5 3 . 0 8
5 4 . 3 6 3 . 1 1 - 3 , 6 0 3 . 9 7 3 . 2 0 2 . 9 1 3 . 1 1 4 . 0 3
6 - - - 3 . 8 7 - 3 . 2 6 3 . 3 2 2 . 9 1 4 . 1 8
7 — “ — — — — 3 . 0 7 — —
1
0 4 9 . 9 6 7 . 4 6 0 . 2 6 1 . 7 4 3 . 6 6 9 . 4 7 0 . 2 4 4 . 7 4 7 . 9C*
r f q  O 4 0 . 2 5 6 . 4 5 4 . 9 4 5 . 6 4 7 . 9 4 3 . 2 5 9 . 5 4 2 . 7 5 2 . 3J. O w 
4 4 4 . 3 4 7 . 1 3 9 . 0 5 0 . 9 4 5 . 7 4 2 . 6 4 0 . 0 5 0 . 9 3 9 . 9
c: 4 8 . 7 4 3 . 2 - 4 5 . 4 4 0 . 7 4 1 . 9 4 6 . 0 5 4 . 9 3 6 . 3o
f . 3 6 . 1 - - 4 1 . 6 - 3 4 . 8 3 9 . 9 5 7 . 2 3 7 . 2u
7 — — — — 4 5 . 8 —
—
Pro M a X * 1 9 9 . 7 2 0 5 . 7 2 5 4 . 1 1 5 6 . 2 2 5 9 . 1 1 7 9 . 9 1 5 7 . 3 1 6 8 . 9 2 2 3 . 3r T O  •
M i n . 1 6 8 . 9 2 0 5 . 2 1 3 8 . 6 1 3 8 . 6 2 2 1 . 7 1 6 8 . 9 1 4 9 . 6 1 6 7 . 8 1 9 6 . 4













A xia l  S e c t i o n s
S p e c i m e n s UA2393 UA2394 UA2395 UA2396 UA2397 UA2398 UA2399 UA2400 UA2401
1 .13 .26 . 16 . 28 . 19 .23 .21 . 26 . 20
2 . 46 .63 . 35 .54 . 47 . 50 . 47 .59 .51
HL 3 . 82 1 . 1 4 - . 89 .73 .88 . 88 1 . 1 0 .92
4 1 . 5 3 1 . 9 6 - 1 . 2 1 1 . 4 8 1 . 4 8 1 . 3 1 1 . 9 4 -
5 2 . 5 1 3 . 1 2 - 2 . 0 1 2 . 5 0 2 . 1 3 1 . 9 5 3 . 0 7 -
6 4 . 1 9 4 . 4 8 - 2 . 8 7 - 3 . 0 8 - - -
7 - - - - — 3 . 9 9 — — —
1 . 17 .17 . 1 3 . 13 .15 .17 .13 .13 . 15
2 . 29 .25 . 18 .20 .23 .25 .20 .23 .25
RV 3 .43 .41 - . 29 . 36 .34 .33 .34 . 39
4 . 5 9 .62 - . 43 .53 . 48 .54 .51 .58
5 .83 .86 - . 60 .81 .66 . 7 8 . 7 6 -
6 1 . 1 2 - - . 83 - . 90 - - -
7 - - - - - 1 , 2 2 — — -
1 2 2 . 0 2 2 . 6 9 . 9 1 2 . 1 1 2 . 1 1 2 . 7 1 7 . 1 2 0 . 9 1 8 . 7
2 3 8 . 5 4 1 . 3 2 2 . 6 1 3 . 2 2 5 . 9 22 .0 2 7 . 0 2 8 . 1 3 0 . 8
PT 3 5 1 . 7 47 .3 - 3 0 . 3 4 5 . 1 3 0 . 8 3 2 . 5 5 3 . 4 3 8 . 5
4 6 3 . 3 5 8 . 3 - 4 6 . 8 6 1 . 6 5 1 . 7 7 5 . 4 8 1 . 4 6 6 . 0
5 9 1 . 9 - - 6 2 . 2 7 4 . 8 6 2 . 2 6 4 . 4 8 2 . 0 -
6 5 5 . 6 - - 8 2 . 5 - 9 9 . 0 - - -
7 - - - - - 1 0 6 . 2 - - -













A x ia l  S e c t i o n s
S p e c i m e n s UA2393 UA2394 UA2395 UA2396 UA2397 UA2398 UA2399 UA2400 UA2401
0 . 06 .06 .05 .06 . 0 7 .05 .05 . 06
1 .09 .15 . 0 8 . 09 . 11 .11 . 08 .15 . 10
TW 2 .15 .21 - . 18 . 19 .20 .11 .24 .18
3 .46 .76 - .33 .37 .30 .35 . 68 . 59
4 . 74 1 . 3 0 - . 80 . 83 .72 - . 90 -
5 .85 . 18 - 1 . 0 3 - - - - -
1 . 76 1 . 5 3 1 . 2 9 2 . 1 7 1 . 2 4 1 . 3 6 1 . 6 7 1 . 9 4 1 . 2 8
2 1 . 5 9 2 . 5 3 1 . 9 3 2 . 7 2 2 . 0 6 2 . 0 4 2 . 3 0 2 . 6 1 2 . 0 9
FR 3 1 . 9 0 2 . 8 0 - 3 . 0 3 2 . 0 2 2 . 5 5 2 . 6 5 3 . 2 8 2 . 3 5
4 2 . 5 9 3 . 1 5 - 2 . 7 9 2 . 7 7 3 . 0 8 2 . 4 2 3 . 7 9 -
5 3 . 0 3 3 . 6 1 - 3 . 3 6 3 . 0 9 3 . 2 4 2 . 5 1 4 . 0 3 -
6 3 . 7 3 - - 3 . 4 4 - 3 . 4 2 - - -
7 — — — — — 3 . 2 8 — — —
1
2 6 6 . 8 4 5 . 5 4 1 . 1 5 1 . 9 4 9 . 3 4 5 . 1 6 2 . 2 6 7 . 5 5 9 . 3
TS 3 5 0 . 2 6 2 . 2 - 4 8 . 5 5 7 . 9 4 0 . 1 6 2 . 7 4 8 . 1 5 8 . 9
4 3 6 . 3 5 3 . 2 - 4 6 . 9 4 7 . 2 3 9 . 0 6 2 . 6 5 2 . 3 4 8 . 0
5 3 9 . 7 3 8 . 6 - 3 8 . 3 5 1 . 8 3 7 . 3 4 4 . 1 4 8 . 2 -\J
3 6 . 1 - - 3 9 . 8 - 3 7 . 0 - - -u
7 — — — 3 4 . 9 — — —
Pro.
M a x . 2 4 0 . 9 2 1 4 . 0 2 0 4 . 6 1 9 4 . 7 2 1 4 . 0 2 6 5 . 1 1 7 9 . 3 2 0 6 . 3 2 3 8 . 2
M i n . 2 0 3 . 5 1 3 8 . 6 1 7 9 . 3 1 5 2 . 9 2 0 4 . 6 2 0 6 . 8 1 7 8 . 8 1 8 3 . 7 2 1 1 . 2













Axi a l  S e c t i o n s
S p e c i m e n s UA2402 UA2403
1 . 11 .22
2 . 3 3 . 4 8
HL 3 . 62 .95




1 . 10 .14
2 . 17 , 23
RV 3 . 2 6 38




1 1 6 . 5 1 6 . 5
2 1 8 . 2 2 0 . 9
PT 3 4 1 . 8 5 0 . 1


















Axia l  S e c t i o n s
S p e c i m e n s UA2402 UA2403
0 . 03 .05
1 . 07 .12




1 1 . 0 4 1 . 5 2
2 1 . 9 4 2 . 1 4
FR 3 2 . 3 7 2 . 5 2





9 6 2 . 1 5 9 . 2
TS
6
3 5 4 . 6 65 .7





M a x . 1 5 4 . 6 1 9 1 . 4
M i n . 1 2 1 . 0 1 7 7 . 7













Sagit ta l  S e c t i o n s
S p e c i m e n s UA2404 UA2405 YA2406 UA2407
1 .175 .18 6 . 1 6 6 . 19 0
2 . 26 8 . 28 7 . 26 1 .294
RV 3 . 375 . 39 0 . 38 1 .431
4 . 522 . 552 . 5 7 3 . 60 1
5 - - . 81 3 . 7 9 8
6 - - 1 . 0 8 9 —
1 1 5 . 4 1 9 . 8 1 5 . 4 2 0 . 9
2 2 0 . 9 2 6 . 4 2 5 . 3 3 4 . 1
PT 3 2 8 . 1 3 7 . 4 3 6 . 9 4 8 . 4
4 3 8 . 5 - 6 3 . 3 5 7 . 2
5 - - 7 9 . 2 6 7 . 1
6 - - 6 4 . 9 —
1 9 9 7 7
2 12 11 12 13
SC 3 14 15 16 16
4 16 - 19 17
5 - - 18 20
M a x . 1 8 8 . 7 1 9 2 . 0 1 9 5 . 3 1 8 9 . 2
Pro ’ M i n . 1 7 2 . 2 1 6 9 . 4 1 6 7 . 8 1 6 5 . 6
Tab l e  1 8 e .  M e a s u r e m e n t s  o f  Eo para f usu l i na  (Eoparafusul ina)  w a d d e l l i  P e t o c z ,  n .  s p .
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